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TRANSLATOR'S PREFACE. 



I CAN not more appropriately introduce the Cosmos than 
by presenting a brief sketch of the life of its illustrious au- 
thor.* While the name of Alexander von Humboldt is fa- 
miHar to every one, few, perhaps, are aware of the peculiar 
circumstances of his scientific career and of the extent of his 
labors in almost every department of physical knowledge. He 
was bom on the 14th of September, 1769, and is, therefore, 
now in his 80th year. After going through the ordinary 
course of education at Gottingen, and having made a rapid 
tour through Holland, England, and France, he became a pu- 
pil of Werner at the mining school of Freyburg, and in his 
21st year published an "Essay on the Basalts of the Rhine.** 
Though he soon became officially connected with the mining 
corps, he was enabled to continue his excursions in foreign 
countries, for, during the six or seven years succeeding the 
publication of his first essay, he seems to have visited Austria, 
Switzerland, Italy, and France. His attention to mining did 
not, however, prevent him from devoting his attention to oth- 
er scientific pursuits, among which botany, and the then re- 
cent discovery of galvanism may be especially noticed. Bot- 
any, indeed, we know from his own authority, occupied him 
almost exclusively for some years ; but even at this time he 
was practicing the use of those astronomical and physical in- 
struments which he afterward turned to so singularly excel- 
lent an account. 

The pphtical disturbances of the civilized world at the close 

* For the following remarks I am mainly indebted to the artdcles on 
the Oosmos in the two leading Quarterly Beviews. 
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of the last century prevented our author from carrying out 
various plans of foreign travel which he had contemplated, 
and detained him an unwilling prisoner in Europe. In the 
year 1799 he went to Spain, with the hope of entering Africa 
firom Cadiz, hut the unexpected patronage which he received 
at the court of Madrid led to a great alteration in his plans, 
and decided him to proceed directly to the Spanish posses- 
sions in ^bnerica, " and there gratify the longings for foreign 
adventure, and the scenery of the tropics, which had haunted 
him from hoyhood, but had all along been turned in the dia- 
metrically opposite direction of Asia." After encountering 
various risks of capture, he succeeded in reaching America, 
Und from 1799 to 1804 prosecuted there extensive researches 
in the physical geography of the New World, which have in- 
delibly stamped his name in the undying records of science. 

Excepting an excursion to Naples with Gay-Lussac and 
Von Bueh in 1805 (the year after his return from America), 
the succeeding twenty years of his life were spent in Paris, and 
were almost exclusively employed in editing the results of his 
Ametican journey. In order to bring these results before the 
World in a manner worthy of their importance, he commenced 
a series of gigantic publications in almost every branch of 
science on which he had instituted observations. In 1817, 
after twelve years of incessant toil, four fifths were completed, 
and An ordinary copy of the part then in print cost considera- 
bly more than one hundred pounds sterling. Since that time 
the publication has gone on more slowly, and even now, after 
the lapse of nearly half a century, it remains, and probably 
ever will remain, incomplete. 

In the year 18^8, when the greatest portion of his Uterary 
labour had been accomplished, he undertook a scientific journey 
toBiberia, under the special protection of the Russian govern- 
ment. In this joumey-^a journey for which he had prepared 
himself by a course of study unparalleled in the history of 
travel — ^he was accompanied by two companions hardly fess 
distinguished than^ himself, Ehrobberg and Gustav Rose, and 
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the le&ulto obtaiued during their expedition are reeorded by 
pur author in his Fragments Asiatiqzces, and in his Asie 
Centraiey ajiid by Kose in his Rei&e nach dem Ottral, If the 
Asie OentreUe had been his only work, constituting, as it 
does, an epitome of all the knowledge acquired by himself and 
by former travelers on the physical geography of Northern 
and Centr^rl Asia, that work alone would have sufficed to 
^rm a reputation of the highest order. 

I procteed to ofier a few remarks on the work of which I 
now present a new translation to the English public, a work 
intended by its authpr '' to embrace a summary of physical 
knowledge* as connected with a delineation of the material 
universe.'* 

The idea of such a physical description cf the universe had, 
it appears, been present to his mind from a very early epoch. 
It lyas a work which he felt he must accomplish, and he de- 
voted almost a lifetime to the accumulation of materials fot 
it. For almost half a century it had occupied his thoughts ; 
jwd at lei^h, in the evening of life, he felt himself rich 
enough in the accumulation of thought, travel, reading, and 
experimental research, to reduce into form and reality the 
undefined vision that has so long floated before him. The 
work, when completed, wiU form three volumes. The ^rst 
volume comprises a sketch of all that is at present kiiown of 
the physical phenomena of the universe ; the second compre- 
hends two distinct parts, the first of which treaty of the in- 
<5itements to the study of nature, afforded in descriptive poet- 
ry, landscape painting, and the cultivation of exotic plants ; 
while the second and larger part enters into the consideration 
of the different epochs in the progress of discovery and of the 
corresponding stages of advance in human civilization. The 
fhdrd volume,- the publication of which, as M. Jlumboldt him- 
self infi)rms me in a letter addressed to my learned friend and 
publisher, Mr. H. G. Bohn, "has been somewhat delayed, 
owing to the present state of public affairs, will comprise the 
special and scientific development of the great Picture of Na- 
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ture."^ Each of the three parts of the Cosmos is therefore, to 
a certain extent, distinct in its object, and may be considered 
complete in itself. We can not better terminate this brief 
notice than in the words of one of the most eminent philos- 
ophers of om: own country, that, '^ should the conclusion cor- 
respond (as we doubt not) with these beginnings, a work will 
have been accomplished every way worthy of the author's 
fame, and a crowning laurel added to that wreath with which 
Europe will always delight to surround the name of Alexan 
der von Humboldt." 

In venturing to appear before the English public as the in* 
terpreter of " the great work of our aget** I have been en- 
couraged by the assistance of many kind literary and scientific 
friends, and I gladly avail myself of this opportunity of ex- 
pressing my deep obligations to Mr. Brooke, Dr. Day, Pro- 
fessor Edward Forbes, Mr. Hind, Mr. Glaisher, Dr. Percy, and 
Mr. Konalds, for the valuable aid they have afforded me. 

It would be scarcely right to conclude these remarks with- 
out a reference to the translations that have preceded mine. 
The translation executed by Mrs. Sabine is singularly accu- 
rate and elegant. The other translation is remarkable for 
the opposite qualities, and may therefore be passed over in si- 
lence. The present volumes difier £:om those of Mrs. Sabine 
in having all the foreign measures converted into correspond- 
ing English terms, in being published at considerably less 
than one third of the price, and in being a translation of the 
entire work, for I have not conceived myself justified in omit- 
ting passages, sometimes amounting to pages, simply because 
they might be deemed slightly obnoxious to our national prej- 
udices. 

* The expression applied to the Oosmos by the learned Bansen, in 
bis late Report on Ethnology, in iKe Rqwrt of the British Auoeiation 
/or 1847, p. 265. 
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In the late eyening of an acUve life I offer to the Grenoan 
public a work, whose undefined image haa floated before my 
mind &r almost half a century. I have frequently looked 
upon its completion as impracticable, but as often as I haye 
been disposed to relinqxdsh the undertaking, I have again — 
although perhaps imprudently — ^resumed the task. This work 
I now present to my cotemporaiies.with a diffidence inspired 
by a just mistrust of my own powers, while I would willingly 
forget that writings loog expected are usually received with 
less indulgence. 

Although the outward relations of life, and an irresLstible 
impulse toward knowledge of various kinds, have led me. to 
occupy myself for many years — and apparently exclusively^ 
with separate branches of science, as, for instance, with de« 
scriptive botany, geognosy, chemistry, astronomical determin- 
ations of position, and terrestrial magnetism, in order that I 
might the better prepare myself for the extensive travels in 
which I was desirous of engaging, the actual object of my 
studies has nevertheless been of a higher character. The 
principal impulse by which I was directed was the earnest 
endeavor to comprehend the phenomena of physical objects in 
their general connection, and to represent nature as one great 
whole, moved and animated by internal forces. My inter- 
course with highly-gifted men early led me to discover that, 
without an earnest striving to attain to a knowledge of special 
branches of study, aU attempts to give a grand and general 
view of the universe would be nothing more than a vain illu- 
mon. These special departments in the great domain of nat^ 
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ural Boience axe, moreover, cat>able of being reciprocally fruc- 
tified by means of the appropriative forces by which they are 
endowed. Descriptive botany, no longer confined to the nar- 
row circle of the determination of genera and species, leads 
the observer who travexven dist«rit lands and lo% mountains 
to the study of the geographical distribution of plants over the 
earth's surface, according to distance from the equator and ver- 
tical elevation above the sea. It is further necessary to in- 
vestigate the laws which regulate the differences of tempera- 
ture and climate, and the meteorological processes of the at*- 
mosphere, before we can hope to explain the involved causeil 
of vegetable distribution ; and it is thus that the observer who 
earnestly pursues the path of knowledge is led f^m o^e elass 
of phenomena io another, by means of the mutual dependence 
and connection existing between them. 

I have enjoyed an advantage which &w seientifie travelers 
have shared to an equal extent, mz., that of having se^i not 
only littoral districts, such as are alone visited by the majority 
ef these who take part in voyages c^ eircumnavigation, but 
also those portions of the interior of two vast continmits which 
present the most striking contrasts manifested in the Alpine 
tropical landscapes of South America, and the dreary wastes 
of the stei^>es in Northern Asia. Travels, undertaken in dis- 
tricts such as these, could not fail to encourage the natural 
tendency of my mind toward a generalization of views, and to 
encourage me to attempt, in a special work, to treat of the 
knowledge which we at present possess, regarding the udereal 
and terrestrial phenomena of the Cosmos in th^ empirical 
relaticms. The hitherto undefined idea of a physioal geog- 
raphy has thus, by an extended and perhaps too boldly imag- 
ined a plan, been comprehended imder the idea of a physical 
description of the universe, embracing all created things m the 
regions of space and in the earth. 

The very abundance of the materials which are presented 
to the mind for arrangement and definition, necessarily impart 
no inconsiderable difficulties in the choice of the ferm under 
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^kich such a work must be presented, if.it would asjHfe to 
the honor of being regarded as a literary composition* De- 
scriptions of nature ought not to be deficient in a tone of life- 
like truthfulness, while the mere enumeration of a series of 
general results is productive of a no less wearying impression 
than the elaborate accumulation of the individual data of ofa- 
Bervation. I scarcely venture to hope that I have succeeded 
in satisfying these various requirements of composition, or that 
I have myself avoided the shoals and breakers which I haye 
known how to indicate to others. My faint hope of suecess 
rests upon the special indulgence which the German public 
have bestowed upon a small work bearing the title of Ansich- 
ten der Natur, which I pubhshed soon after my return from 
Mexico. This work treats, imder general points of view, of 
separate branches of physical geography (such as the fonns of 
vegetation, grassy plains, and deserts). The efiect produced 
foy this small volume has doubtlessly been more powerfully 
manifested in the influence it has exercised on the sensitive 
minds of the young, whose imaginative faculties are so strong- 
ly manifested, than by means of ai^ thing which it could it- 
self impart. In the work on the Cosmos on which I am now 
engaged, Z have endeavored to show, as in that entitled An- 
sichten der Natur, that a certain degree of scientific com- 
pleteness in the treatment of individual facts is not wholly 
incompatible with a picturesque animation of style. 
- Since public lectures seemed to me to present an easy and 
efficient means of testing the more or less successfiil mann^ 
of connecting together the detached branches of any one sci- 
ence, I undertook, for many months consecutively, first in the 
French language, at Paris, and afterward in my own nati-^ 
German, at Berlin (almost simultaneously at two difierent 
places of assembly), to deliver a course of lectures on the phys* 
•ical description of the universe, according to my conception 
of the science. My lectures were given extemporaneously, 
both in French and German, and without the aid of written 
notes, nor have I, in anyway, made use, in the present wod|[, 
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of those portions of my discouises which have been preserved 
by the industry of certain attentive anditors. With th^ ex- 
ception of the first forty pages, the whole of the present work 
was written, for the first time, in the years 1843 and 1844. 

'A character of unity, freshness, and animation must, I 
think, be derived firom an association with some definite 
epoch, where the object of the vmter is to delineate the pres- 
ent condition of knowledge and opinions. Since the addi- 
tions constantly made to the latter give rise to fundamental 
changes in pre-existing views, my lectures and the Cosmos 
have nothing in common beyond the succession in which the 
various facts are treated. The first portion of my work con- 
tains introductory considerations regarding the diversity in 
the degrees of enjoyment to be derived from nature, and the 
knowledge of the laws by which the universe is governed ; it 
also considers the limitation and scientific mode of treating a 
physical description of the universe, and gives a general pic- 
ture of nature which contains a view of all the phenomena 
comprised in the Cosmos. 

This general pictijre of nature, which embraces vtdthin its 
wide scope the remotest nebulous spots, and the revolving 
double stars in the regions of space, no less than the telluric 
phenomena included under the department of the geography 
pf organic forms (such as plants, animals, and races of men), 
comprises all that I deem most specially important wdth re- 
gard to the connection existing between generalities and spe- 
ciahties, while it moreover exemplifies, by the form and style 
of the composition, the mode of treatment pursued in the se- 
lection of the results obtained from experimental knowledge. 
The two succeeding volumes will contain a consideration of 
the particular means of incitement toward the study of na- 
ture (consisting in animated delineations, landscape painting, 
and the arrangement and cultivation of exotic vegetable 
forais), of the history of the contemplation of the universe, or 
the gradual development of the reciprocal action of natoral 
forces constituting one natural whole ; and, lastly, of the spe- 
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cial branches of the several departments of science, whose 
mutual connection is indicated in the beginning of the work* 
Wherever it has been possible to do so, I have adduced the au- 
thorities from whence I derived my facts, with a view of afibrd- 
ing testimony both to the accuracy of my statements and to the 
value of the observations to which reference was made. In 
those instances where I have quoted from my own writings 
(the facts contained in which being, from their very nature, scat- 
tered through different portions of my works), I have always 
referred to the original editions, owing to the importtince of 
accuracy with regard to num^cal relations, and to my own 
distrust of the care and correctness of translators. In the few 
cases where I have extracted short passages from the works 
of my friends, I have indicated them by marks of quotation ; 
and, in imitation of the practice of the ancients, I have inva- 
riably pi;eferred the repetition of the same words to any arU- 
trary substitution of my own paraphrases. The much-con* 
tested question of priority of claim to a first discovery, which 
it. is so dangerous to treat of in a work of this uncontroversial 
kind, has rarely been touched upon. Where I have occasion- 
ally referred to classical antiquity, and to that happy period 
of transition which has rendered the sixteenth and seventeenth 
centuries so celebrated, owing to the great geographical dis- 
coveries by which the age was characterized, I have been sim- 
ply led to adopt this mode of treatment, from the desire we 
experience from time to time, when considering the general 
views of nature, to escape from the circle of more strictly dog- 
matical modem opinions, and enter the free and fanciful do- 
main of earlier presentiments. 

It has frequently been regarded as a subject of discouraging 
consideration, that while purely literary products of intellect- 
ual activity are rooted in the depths of feeling, and interwoven 
with the creative force of imagination, all works treatiog of 
empirical knowledge, and of the connection of natural phe- 
nomena and physical laws, are subject to the most marked 
modifications of form in the lapse of short periods of time, both 
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hf the impvovenieiit in the uutrum^ts used, and by the ooo- 
aequent expaxuaoa of the field of view opened to rational ob- 
servation, and that those ecientifie worka which have, to nse 
a common expresiion, become antiquated by the acquisition 
ef new funds of knowledge, are thus continually being coor 
signed to oblivion as unreadable. However discouraging such 
a prospect must be, no one who is animated l^ a genuine love 
of nature, and by a sense of the dignity attached to its study, 
can view with regret any thing which promises future addi-^ 
tions and a greater degree of perfection to general knowledge. 
Many important branches of knowledge have been based upon 
a solid foundation which will not easily be shaken, both as re* 
gards the phenomena in the regions of space and on the earth ; 
while there are other portions of science in which general 
views will undoubtedly take the place of merely fi^cial; 
where new forces will be discovered and new substances will 
be made known, and where those whieh are now considered 
as simple will be decomposed. I would, therefore, venture to 
hope that an attempt to delineate nature in all its vivid aiur 
mation and exalted grandeur, and to trace the stalde amid tiie 
vacillating, ever-recurring alternation of physical metamorphf 
OSes, will not be wholly disregarded even at a fhtore age. 
Pottdam, Nov,, 1844. 
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GIRKRAL SUMHAAT Of THE CONTENTS. 

Introduetion.^-RefieeHona on the different Degrees of Enjoyment pre* 
sented to vs by the Aspect of Nature and the tcientijle ExpoHtion of 

the Laws tf the Universe Page 23-78 

Insight into the connection of phenomena as the aim of all natural 
investigation. Nature presents itself to meditative contemplation as a 
unity in diversity. Differences in the grades of enjoyment yielded by 
nature. Effect of contact with free nature ; enjoyment derived from 
nature independently of -a knowledge of the action of natural forces, or 
of tha effect produced by the indiviaual character of a locality. Effect 
of the physiognomy and configuration of the surface, or of the character 
of vegetation. Reminiscences of the woody valleys of the Cordilleras 
and of the Peak of Teneriffe. Advantages of the mountainous region 
near the equator, where the multiplicity of natural impressions attains 
its maximum within the most circumscribed limits, and where it is 
permitted to man simultaneously to behold all the stars of the firm^ 
ment and all the forms of vegetation— p. 23-33. 

Tendency toward the investigation of the causes of physical phenom- 
ena. Erroneous views of the character of natural forces arismg from 
an imperfect mode of observation or of induction. The crude accu- 
mulation of i^ysical dogmas transmitted from one century to another. 
Their diffusion among the higher classes. Scientific physics are asso- 
ciated vrith another and a deei>-rooted system of untried and misunder- 
stood experimental positions. Investigation of natural laws. Appre- 
hension tbat nature may lose a portion of its secret charm by an inquiry 
into the internal character of its forces, and that the enjoyment of na- 
ture must necessarily be weakened by a study of its domain. Advant- 
ages of general views which impart an exalted and solemn character 
to natural science. The possibility of separating generalities from 
specialities. Examples drawn from astronomy, recent optical discov- 
eries, physical geognosy, and the geography of plants. Practicabil- 
ity of the study of physical cosmography — ^p. 33-54. Misunderstood 
popular knowledge, confounding cosmography^ with a mere encyclope^ 
die enumeration of natural sciences^ Necessitv for a simultaneous re- 
gard for all branches of natural science. Influence of this study on 
national prosperitjr and the welfare of nations ; its more earnest and 
characteristic aim is an inner one, arising from exalted mental activity. 
Mode of treatment with regard to the object and presentation ; recip- 
rocal connection existing between thouffht and speech — p. 54^6. 

The notes to p. 28-33. Comparative hypsometrical data of the eleva- 
tions of the Dhawalagiri, Jawahir, Chimborazo, iEtna (according to the 
ineasorement of Sir John Herschel), the Swiss Alps, &c. — ^p. 28. Rainty 
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of palms and fems in the Himalaya Mountains — p. 29. European veg- 
etable forms in the Indian Mountains— p. 30. Northern and soutfaem 
limits of perpetual snow on the Himalaya ; infiaence of the elevated 
plateau of Thibet — p. 30-33. Fishes of an earlier world — ^p. 46. 

Limits and Method of Exposition of the Physical Description of the 

Universe - Page 56-78 

Subjects embraced by the study of the Cosmos or of physical cosmog- 
raphy. Separation of otheT kindred studies — ^p. 56-62. The urancK 
logical portion of the Cosmos is more simple than the telluric ; the im- 
possibility of ascertaining the diversity of matter simplifies the study 
of the mechanism of the heavens. Onein of the word Cosmosy its sig- 
nification of adornment and order of the universe. The existing can 
not be absolutely separated in out contemplation of nature from tha 
future. Histoiy of the world and description of the world — p. 62-73. 
Attempts to embrace the multiplicity^ of the phenomena of the Cos- 
mos in the unity of thought and under the form of a purely rational 
combination. Natural philosophy, which preceded all exact observa- 
tion in antiquity, is a natural, but not unfrequently ill-directed, effort 
of reason. Two forms of abstraction rule the whole mass of knowl- 
edge, viz.: the quantitative, relative determihations according to num- 
ber and magnitude, and qualitativey material characters. Means of 
submitting phenomena to calculation. Atoms, mechanical methods of 
construction. Figurative representations ; mythical conception of im- 
ponderable matters, and the peculiar vital forces in every organism; 
That which is attained by obpervation axid experim^it (calling forth 
phenomena) leads, by analogy and induction, to a knowledge of empir- 
ieal laws ; meir gradual simplification and generalization. Arranffe- 
ment of the facts discovered in accordance with leading ideas. The 
treasure of empirical contemplation, collected through ftges, is in no dan- 
ger of experiencing any hostile agency irom. philosophy — ^p. 73-78. 

[In the notes appended to p. 66-70 are considerations of the general 
and comparative geography of Varenius. Philological ikivestigation 
into the meaning of the words Koofio^ and mundus,'] 

Delineation of Nature* General Revieto of Natural Phenomena 

p. 79-359 
Introduction^— p. 79-^83. A descriptive delineation of the world 
embraces the whole universe (jb nav) in the celestial and terrestrial 
spheres. Form and course of the representation. It begins with the 
depths of space, of which we know little beyond the existence of 
laws of gravitation, and with the region of the remotest nebulous spots 
and double stars, and then, gradually descending through the stany 
stratum to which our solar system belongs, it conteo^lates this terres- 
trial spheroid, surrounded by air and water, and, finally, proceeds to 
the consideration of the form of our planet, its temperature and mag- 
netic tension, and the fullness of organic vitality which is unfolded ott 
its surface under the action of light. Partial insight into the relative 
dependence existing among all phenomena. Amid all the mobile and 
unstable elements in space, mean numericed values are the ultimate aim 
of investigation, being the expression of the physical laws, or forces of 
the Cosmos. The delineation of the universe does not begin vrith the 
-earth, from which a merely subjective poiiit of view might have led us 
to start, but rather v^ith the objects comprised in the regions of space. 
Distribolaon of matter which is partially conglomevatea inlo rotatmg 
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and eii«ling I^yenly bodies of very different density and magmtode, 
and partly scattered as self-luminons vapor. Review of the separate 
portions of the |>ictare of nature, for the purpose of eaqphiinlng the te- 
eiprocal eonnection of all phenomena. 

I. CelesUal Portion of the Cosmos. .«....,.« Page 83-154 

11, Terrestrial Portion of the Cosmos „,.,,.» p, 154-«59 

a. Form of the ear&, its mean density, quantity of heat, electio-inag- 
netio activity, process of light — ^p. 154-S02. 

b. Vital activity of the earth toward its external snr&ce. Beaotion 
of the interior of a planet on its crust and.sur&ce. Subterranean noise 
without waves of concussion. Earthquakes dynamic phenomena— 
p. 202-217. 

e. Material products which ftiequently accompany earthquakes. Gas- 
eous and aqueous springs. Salses and mud vokanoes Upheavals of 
the soil by elastic forces— p^ 217-228. 

d. Fire-emitting mountains. Oraters of elevation. Distribution of 
volcanoes on the earth-^p» 228-247. 

e. Volcanic fotces form new kinds of rook, and metamomhose those 
already existing. Geognogtical classifioation of rocks into four groups. 
Phenomena of contact. Fossiliferous strata ; their vertical arrangement. 
The fannas and floras of an earlier world. Distribution of massep of 
rock— p. 247-284. 

/. Geognostical epochs, which are indicated by the mineralogical dif* 
ference of rocks, have determined the distribution of solids and fluids 
into continents and seas. IndividniJ configuration of solids into hori- 
zontal expansion and vertical elevation. Relations of area. Articula- 
tion« Probability of the continued elevation of the earth's crust in 
ridges— p. 284»-301. 

g. Liquid and aftriform envelopes of the solid surface of our planet. 
Distribution of heat in both. The sea. The tides. Ourrents and their 
effects— p. 301-311. 

h. The atmosphere. Its chemical composition. Fluctuations in iti 
density. Law of the direction of the winds. Mean temperature. Enu- 
meration of the causes which tend to raise and lower the temperature. 
Continental and insular climates. Bast and west coasts. Cause of the 
* curvature of the isothermal lines. Limits of perpetual snow. Qnantity 
of vapor. Electricity in the atmosphere. Forms of the cloudy — ^p^ 
811-339. 

f . Separation of inorganic terrestrial life from the geography of vital 
organisms r the geography of vegetables and animals. Physical grada* 
tions of the human race-^p. 339-359. 

Spedcfl Analysis of the Delineation of Nature, including References to the 
Subjects treated of in the Notes* 

I, CelesHal Portion of the Cosmos ....... p. 83-154 

The oniverse and» all that it <»>mprise»— multiform nebulous spots, 
planetary vapor, and nebulous stars. The pictures<^ue charm of a 
southern sky— note, p. 85. Conjectures on the position in space of 
the world. Our steUar masses. A cosmical island. Gauging stars. 
Double stars revolving round a common center. Distance of the star 6 1 
Cygni— p. 88 and note. Our solar system more complicated than was 
conjectured at the close of the last century. Primary planets-with Nep- 
tone, Astrea, Hebe, Iris, and Flora, now constitute 16 ; secondly plaop 
eti 18 ; myriads of comets of which many of ibe imier ernes are incioied 
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in the orbits of the planets ; a rotalang ring (the zodiacal light) and m^* 
teoric stones, probably to be regarded as small cosmical bodies. The 
telescopic planets, Vesta, Jnno> Ceres, Pallas, Astrea, Hebe, Iris, and 
Flora, with their frequently intersecting, strongly inclined, and more 
eccentric orbits, constitute a central group of separation between the 
inner planetary ^up (Mercury, Venus, the Earth, and Mars) and the- 
outer group (J apiter, Saturn, Uranus, and Neptune). Contrasts of these 
planetary groups. Relations of distance from one central body. Dif- 
ferences of absolute magnitude, density, period of revolution, eccentric- 
ity, and inclination of the orbits. The so-called law of the distances of 
the planets from their centraljsun. The planets which have the lareest 
uumoer of moons*-p. 96 and note. Relations in space, both absomle 
and relative, of the secondary planets. Largest and smallest of the 
moons. ^ Greatest approximation to a primary planet. Retrogressive 
movement of the moons of Uranus. libration oi the Earth's satellite^- 
p. 98 and note. Comets; the nucleus ai^ tail; various forms and di- 
rections of the emanations in conoidal envelopes, with more or less 
dense walls. Several tails inclined toward the sun ; change of form of 
the tail ; its conjectured rotation. Nature of li^ht. Oceultations of the 
fixed stars by the nuclei of comets. Eccentricity of their orbits and 
periods of revolution. Greatest distance and greatest approximation 
of comets. Passage through the system.of Jupiter's satellites. Comets 
of short periods of revolution, more correctly termed inner comets 
(Encke, Biela, Faye^ — ^p. 107 and note. Revolving aerolites (meteoric 
ptones, fire-bcdls, falling stars). Their planetary velocitv.. magnitude, 
form, observed height Periodic return in streams; tne November 
stream and the stream of St. Lawrence. Chemical composition of me- 
teoric asteroids— p. 130 and notes. Ring of zodiacal light. Limita- 
tion of the present solar atmosphere — ^p. 141 and note. Trwislatory 
motion of the whole solar system — ^p. 145-149 and note. The exist- 
ence of the law of gravitation beyond our solar system. The milky 
way of stars and its conjectured breaking up. Milky way of nebulous 
Sjpots, at right angles with that of the stars. Periods of revolutions of 
bi-colored double stars. Canopy of stars ; openings in the stellar stra- 
tum. Events in the universe ; the apparition of new stars. Propaga- 
tion of li^ht, the aspect of the starry vault of the heavens conveys to the 
mind an idea of inequality of time — ^p. 149-154 smd notes. 

II. Terregtrial Portion of the Cosmos Page 154-359 

a. Figure of the earth. Density, quantity of heat, electro-magnetic 
tension, and terrestrial light— p. 154-202 and note. Knowledge of 
the compression and curvature of the earth's surface acquired by meas^ 
urements of degrees, pendulum oscillations, and certain inequalities in 
the moon's orbit. Mean density of the earth. The earth's crust, and 
the depth to which we are able to penetrate— p. 159, 160, note. Three- 
fold movement of the heat of the earth ; its thermic condition. Law 
of the increase of heat with the increase of depth-^. 160, 161 and note. 
Magnetism electricity in motion. Periodical variation of terrestrial 
magnetism. Disturbance of the regular course of the magnetic needle. 
Magnetic storms ; extension of their action. Manifestations of magnet*^ 
ic force on the earth's surface presented under three classes of phe- 
nomena, namely, lines of equal force (isodynamic), equal inclination 
(isoclinic), and equal deviation (isogonie)^ Position of the magnetic 
pole. Its {)rpbable connection with the poles of cold. Change of aU 
Ihe magnetic phenomena of the earth. Erection of magnetic observa^ 
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tones Bisce 1828 ; a far-extending net- work of magnetic stationft-^p. 
190 and note. Development of light at the magnetic poles ; terrestrial 
liebt as a consequence of the electro-magnetic activity of our planet. 
Elevation of polar light. Whether magnetic storms are accompanied 
by noise. Connection of polar li^ht (an electro-magnetic development 
of light]) with the formation of cirrus clouds. Other examples of th# 
generation of terrestrial light — p. 202 and note. 

b. The vital activity of a planet manifested from within outward, the 
principal source of ^eognostic phenomena. Connection between mere- 
^ dynamic concussions or the upheaval of whole portions of the earth's 
crust, accompanied by the effusion of matter, and the generation of 
gaseous and liquid fluids, of hot mud and fused earths, which solidify 
into rocks. Volcanic action, in the most general conception of the idea, 
is the reaction of the interior of a planet on its outer surface. Earth- 
quakes. Extent of the circles of commotion and their gradual increase. 
Whether there exists any connection between the changes in terres- 
trial ma^etism and the processes of the atmosphere. Noises, subter- 
ranean uunder without any perceptible concussion. The rocks which 
modify the propagation of the waves of concussion. Upheavals ; erup- 
tion m water, not steam, mud mofettes, smoke, and name during an 
earthquake — p. 202-218 and notes. 

e. Closer consideration of material products as a consequence of 
internal planetary activity. There rise from the depths of the earth, 
through fissures and cones of eruption, various gases, liquid fluids (pure 
or acidulated), mud, and molten earths. Volcanoes are a species of 
intermittent spring. Temperature of thermal springs; their constancy 
and change. Depth of the foci— p. 219-224 and notes. Salses, mud 
volcanoes. While fire-emitting motmtains, being sources of molten 
earths, produce volcanic rocks, spring water forms, by precipitation, 
strata of limestone. Continued generation of sedinientary rocks — ^p. 
228 and note. 

d. Diversity of volcanic elevations. Dome-like closed trachytic 
mountains. Actual volcanoes which are formed from craters of eleva- 
tion or among the detritus of their ori^nal structure. Permanent con- 
nection of the interior of our earth with the atmosphere. Relation to 
certain rocks. Influence of the relations of height 9n the frequency of 
the eruptions. Height of the cone of cinders. Characteristics of those 
volcanoes which rise above the snow-line. Columns of ashes and fire. 
Volcanic storm during the eruption. Mineral composition of lavas — 
p. 236 and notes. Distribution of volcanoes on the earth's surface; 
central and linear volcanoes ; insular and littoral volcanoes. Distance 
of volcanoes firom the sea-coast. Extinction of volcanic forces — ^p. 246 
and notes. 

«. Relation of volcanoes to the character of rocks. Volcanic forces 
form new rocks, and metamorphose the more ancient ones. The study 
of these relations leads, by a double course, to the mineral portion of 
geognosy (the study of the textures and of the position of the earth's 
strata), and to the configuration of continents and insular groups ele- 
vated above the level of the sea (the studv of the geographical form 
and outlines of the different parts of the earth). Classification of rocks 
according to the scale of the phenomena of structure and metamorpho- 
sis, which are still passing before our eyes. Rocks of eruption, sedi- 
mentary rocks, changed (metamorphosed) rocks, conglomerates--oom- 
pound rocks are definite associations of orycto^osticallv simple fossils. 
There are four phases in the formative condition: rocKS of emption. 
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endogenooa (granite, sienite, porphyry, greenstone, hypersthene, rock, 
eupbotide, melapbyre, baeaU, and phonoUthe) ; sedimentary rocks (si- 
Inrian schist, coal measures, limestone, travertino, infusorial deposit) ; 
metamorphosed rock, which contains also, together with the detritus 
of the rocks of eruption and sedimentary rocks, the remains of gneiss^ 
mica schist, and more ancient metamorphic masses. Ag^gate and 
sandstone formations. The phenomenon of contact explamed by the 
ai'tificial imitaticm of minerals. Effects of pressure and the various ibp 
pidity of coolingt Origin of graoular or saccbaroidal marble, silicifica* 
tion of schist into ribbon jasper. Metamorphosis of calcareous marl 
into micaceous schist through granite. Conversion of dolomite and 
granite into argillaceous schist, Dy contact with basaltic and doleritic 
rocks. Filling up of the veins from below. Processes of cementatioa 
in agglomerate strucmres. Friction conglomerates— p. 269 and note. 
fLelative age of rocks, chronometry of the earth's crust. Fossiliferous 
strata. Relative age of organisms. Simplicity of the first vital forms. 
Dependence of physiological gi-adations on the age of the formations.- 
Geognostic horixon, whose careful iuvestigatbn may ^ield certaio data 
regarding the identity or the relative a^e of formations, the periodic 
recurrence of certain strata^ their parallelism, or their total suppression. 
Types of the sedimentary structures considered in their most simple 
ana general characters ; silurian and devonian^ formations (formerly 
known as rocks of transition); the lower trias* (mountain limestone, 
coal measures, together with todUUgende and zecbstein^; the. up{ier 
trias (hunter sandstone, muschelkalk, and keuper) ; Jura hmestone (lias 
and oolite^ ; fraestone, lower and upper chalk, as the last of the flOts 
strata, which begin with mountain tin^estone; tertiary formations in 
three divisions, which are designated by granular limestone, lignite, 
and south Apennine gravel— p. 269-278. 

The faunas and floras of an earlier worid, and their relatiims to esciat* 
ing organisms. Colossal bones of antediluvian mammalia in the upper 
alluvium. Vegetation of an earlier world ; monuments of the history 
of its vegetation. The points at which certain vegetable groups attain 
their maximum ; cycadeae in the keuper and lias, and conifene in the 
bunter sandstone. Lignite and coal measures (amber-tree). Deposition 
of large masses of rock ; doubts regarding their origin-*p. 285 apd note. 

/. The knowledge of geognostic epochs— of the upheaval of mount- 
ain chains and elevated plateaux, by whiqh lands are both formed and 
destroyed, leads, by an internal causal connection, to the distribution 
into solids and fluids, and to the peculiarities in the natural CQufigur^* 
tion of the earth's surface. Existing areal relations of the solid to the 
fluid dider considerably from those presented by the maps of the phys- 
ical portion of a more ancient geography. Importance of the eruption 
of quartzose porphyry with reference to the then existing configuration 
q{ continental masses. Individual conformation in horizontal exten- 
sion (relations of articulation) and in vertical elevation (hypsometricsd 
views). Influence of the relations of the area of land and sea on the 
temperature, direction of the winds, abundance or scarcity of organic 
products, and on all meteorological processes collectively. Direction 
of the major axes of continental masses. Articulation and pyramidal 
termination toward the south. Series of peninsulas. Valley-like form- 
ation of the Atlantic Ocean. Forms which frequently recur — p. 285- 
293 and notes. Ramifications and systems of mountain chains, and the 
means of determining their relative ages. Attempts to determine the 
center of gravity of me voljima of the lands uf^oeaved above tlie level 
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of the aeft. The elevation of continents is still progressing slowly, and 
is being compensated for at some definite points by a perceptible sink- 
ing. , idl geognostic phenomena indicate a periodic^ alternation of 
activity in the interior of our planet. Probability of new elevations of 
ridges— p. 293-301 and notes. 

g. The solid surface of the earth has two envelopes, one liquid, and 
the other aeriform. Contrasts and analogies which these envelopes- 
the sea and the atmosphere — present in their conditions of aggrega> 
tion and electricity, and in their relations of currents and temperature. 
Depths of the ocean and of the atmosphere, the shoals of which consti 
tute our highlands and mountain chains. The degree of heat at the 
surface of the sea in different latitudes and in the lower strata. Tend- 
ency of the sea to maintain the temperature of the surface in the strata 
nearest to the atmosphere, in consequence of the mobility of its parti- 
cles and the alteration in its density. Maximum of the aensi^ of salt 
water. Position of the zones of the hottest water, and of those having 
the greatest saline contents. Thermic influence of the lower polar cop- 
rent and the counter currents in the straits of the sea — ^p. 302-304 and 
notes. General level of the sea, and permanent local disturbances of 
equilibrium ; the periodic disturbances manifested as tides. Oceanic 
currents; the equatorial or rotation cuzrent, the Atlantic warm Gulf 
Stream, and the further impulse which it receives i the cold Peruvian 
stream in the eastern portion of the Pacific Ocean of the southern zone. 
Temperature of shoals. The universal diffusion of life in the ocean. 
Influence of the small submarine sylvan region at the bottom of beds 
of rooted algae, or on iJBar-extending floating layers of fucus — p. 302-311 
and notes. 

h. The gaseous envelope of our planet, the atmosphere. Chemical 
composition of the atmosphere, its transparency, its polarization, pres- 
sure, temperature, humidity, and electric tension. Relation of oxygen 
to nitrogen ; amount of carbonic acid ; carbureted hydrogen ; ammo- 
niacal vapors. Miasmata. Regular (horaxy) changes in the pressure 
of the atmosphere. Mean barometrical height at the level of the sea 
in diflerent zones of the earth. Iso barometrical curves. Barometrical 
windroses. Law of rotation of the winds, and its importance with ref- 
erence to the knowledge of many meteorological processes. Land and 
sea winds, trade winds and mon80on8r--p. 311-317. Climatic distribu- 
tion of heat in the atmosphere, as the effect of the relative position of 
transparent and opaque masses (fluid and solid superficial area), and 
of the hypsometrical configuration of continents. Carvature of tne iso- 
thermal lines in a horizon^ and vertical direction, on the earth's sur- 
&ce and in the suoerimposed strata of aii^ Convexity and concayi^ 
pf the isothermal unes. Mean heat of the year, seasons, months, and 
days. Enumeration of the causes which produce disturbances in the 
form of the isothermal Unes, t. e., their deviation irom the position of the 
geographical parallels. Isochimenal and isotheral lines are the lines of 
equal vrinter and summer heat. Causes which raise or lower the temr 
perature. Radiation of the earth's surface, according to its inclination^ 
color, density, dryness, and chemical composition. The form of the 
cloud which announces what is passing in the upper strata of the atmo^ 
phere is the image of the strongly ramating ground projected on a hot 
summer sky. Contrast between an insular of littoral cHraate, such as 
is experienced by all deeply-articulated continents^ and the climate of 
the interior of large tracts of land. East and west coasts. Difference 
between the soaUiem and northern hemii^heres; Thermal acalef of 
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' cultivated plants, going down from the vanilla, cacoa, and mtisaceae,' to 
citrons and olives, and to vines yielding potable wines. The infioenco 
which these scales exercise on the geographical distribution of culti- 
vated plants. The fevorable ripening and the immaturity of fruits are 
essentially influenced by the difference in the action of direct or scat- 
tered light in a clear sky or in one overcast with mist General sum- 
mary of the causes which yield a more genial climate to tibo greater 
{)ortion of Europe considered as the western peninsula of A^a — ^p. 326. 
Determination of the changes in the mean annual and summer temper- 
ature, which correspond to one degree of geographical latitude. Equal- 
ity of the mean temperature of a mountam station, and of the polar dis- 
tance of any point lying at the level of the sea. Decrease of tempera- 
ture with the decrease in elevation. Limits of perpetual snow, and the 
6ttctuation8 in these limits. Causes of disturbance in the regularity of 
the phenomenon. Northern and southern chains of the Himalaya ; faab- 
itabflity of the elevated plateaux of Thibet— p. 33 1 . Quantity of moist- 
ure in the atmosphere, according to the hours of the day, the seasons of 
the year, degrees of latitude, and elevation. Greatest dryness of the 
atmosphere deserved in Northern Asia, between the river districts of 
the Irtysch and the Obi. Dew, a consequence of radiation. Quantity 
of rain — p. 335. Electricity of the atmosphere, and disturbance of the 
electric tension. Geographical distribution of stonns. Predetermina- 
tion of atmospheric changes. The most important climatic disturbances 
can not be traced, at the place of observation, to any local cause, but are 
rather the conset^uence of some occurrence by which the equilibrium 
in the atmosphenc currents has been destroyed at some considerable 
distance— ^. 335-339. 

f. Physical geography is not limited to elementary inorganic terres- 
trial life, but, devated to a higher point of view, it embraces the sphere 
of organic life, and the numerous gradations of its typical development. 
Animal and vegetable life. General diffusion of life in the sea and on 
the land ; microscopic vital forms discovered in the polar ice no less 
than in the depths of the ocean within the tropics. Extension imparted 
to the horizon of life by Ehrenberg's discoveries. Estimation of the 
mass (volume) of animal and vegetable organisms— p. 339-346. Geog- 
raphy of plants and animals. Migrations of organisms in the ovum, or 
by means of organs capable of spontaneous motion. Spheres of distri- 
bution depending on climatic relations. Regions of vegetation, and 
classification of the genera of animals. Isolated and social living plants 
and animals. The character of floras and faunas is not detenmned so 
much by the predominance of separate families, in certain parallels of 
latitude, ^s by the highly complicated relations of the association of many 

' families, and the relative numerical value of their species. The forms 
of natural families which increase or decrease from the equator to the 

Soles. Investigations into the numerical relation existing in different 
istriots of the earth between each one of the large families to the 
whole mass of phanerogamia — ^p. 346-351 . The human race considered 
according to its physical gradations, and the geographical distribution 
of its simultaneously occurring types. Races and varieties. All races 
of men are forms of one single species. Unity of the human race. 
Lan^ages considered as the mtellectual creations of mankind, or as 
portions of the history of mental activity, manifest a character of nation- 
ali^, although certain historical occurrences have been the means of 
dimising idioms of the same &mily of languages among nations of wholly 
d^eront descent— p. 351-359. 



Digitized by VjOOQ IC 



INTBODUCTION. 



lAFLECnOKS OK THE DIFFER£NT DEGREES OP ENJOYMENT PBE* 
BENTED TO US BT THE ASPECT OF NATUBE AND THE STUDY OF HER 
LAWa 

In attempting, after a long absence from my native cotin-^ 
try, to develop the physical phenomena of the globe, and the 
simultaneous action of the forces that pervade the regicms of 
space, I experience > two-fold cause of anxiety. The subject 
befi)Te me is so inexhaustible and so varied, that I fear either 
to fall into the superficiality of the encyclopedist, or to weary 
the mind of my reader by aphorisms consisting of mere gener- 
alities dlothed in dry and dogmatical forms. Undue concise* 
ness often checks the flow of expression, while difiiiseness is 
alike detrimental to a clear and precise exposition of our ideas. 
Nature is a firee domain, and the profound conceptions and 
enjoyments she awakens within us can only be vividly deline- 
ated by thought dothed in exalted forms of speech, worthy of 
bearing witness to the majesty and greatnesa of the creation. 

In considering the study of physical phenomena, not mere- 
ly in its bearings on the material wants of Hfe, but in its gen- 
eral influence on the intellectual advancement of mankind, 
we find its noblest and most important result to be a knowl- 
edge of the chain of connection, by which all natural forces 
are linked together, and made mutually dependent upon each 
other ; and it is the perception of these relations that exalts 
our views and ennobl^ our enjo3n^ents. Such a result can, 
however, only be reaped as the fruit oi observation and intel- 
lect, combined with the spirit of the age, in which are reflect- 
ed all the varied phases of thought. He who can trace, 
through by-gone times, the stream of our knowledge to its 
primitive source, will learn from history how, for thousands 
of years, man has labored, amid the ever-recurring changes 
of form, to recognize the invariability of natural laws, and 
has thus, by the force of mind, grsLduaUy subdued a great por- 
tion of the physical world to his dominion. In interrogating 
the history of the past, we trace the mysterious course of ideas 
yielding the first gUminering perception of the same image of 
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a Cosmos, or harmoniously ordered whole, which, dimly shad- 
owed forth to the human mind in the primitive ages of the 
world, is now fully revealed to the maturer intellect of ma|L 
kind as the result of long and laborious observation. 

Each of these epochs of the contemplation of the external 
world — the earliest dawn of thought and the advanced stage 
of civilization — ^has its own source of enjoyment. In the 
former, this enjoyment, in accordance with the simplicity of 
the primitive ages, flowed iVom an intuitive feeling of the or- 
der that was proclaimed by the invariable and successive re- 
appearance of the heavenly bodies, and by the progressive de- 
velopm^t of organized beiogs ; while in the latteri this sense 
df enjoyment springs from a definite knowledge of the phe* 
nomena of nature. When man began to interrogate nature^ 
and, not content with observing, learned to evoke phenomena 
under definite conditions ; when once he sought to collect and 
record facts, iti order that the fiiiit of his labors might aid in- 
vestigation after his own brief existence had passed away» the 
fhi^sophy cf Nature cast aside the vague and poetic garb 
in which she had been enveloped £x)m her origin, and, having 
assumed a severer aspect, she now weighs the value of ob- 
servations) and substitutes induction and -reasoning for con- 
jecture and assumption. The dogmas of former ages survive 
now only in the superstitions of tb^ people and the prejudices, 
of the ignorant, or are perpetuated in a few easterns, which« 
conscious of their wealmess, shioud themselves in a vail of 
mystery. We may also trace the same primitive intuiti(»ui. 
in languages exuberant in figurative expressions ; and a few 
of the best chosen symbols engendered by the happy inspira* 
tion of the earliest ages, having by degrees lost their vague- 
ness through a better mode of interpretation, are still presetved 
among our scientific terms. 

Nature considered rationally^ that is to say, submitted to 
the process of thought, is a unity in diversity of jdienome&a ; 
a harmony, blending together all created things, howev^ difr* 
similar in form and attributes ; one great whole (rd ndv) an« 
imated by the breath of hfe. The most important result df 
a rational inquiry into natufse is, therefoi«, to estaUiah the 
unity iBind harmony of this stupendous mass tii force and mat- 
ter, to determine with impartial justice what is due to the 
discoveries of the past and to those of the px^sent, and to anr 
alyze the individual parts of natural phenomena without suo* 
cumbing beneath th« weight of the whole. Thus, and thus 
alone, is it permitted to man, while mindful of the i%h de»> 
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tiny of his race> to comprehend nattue, to lifl the vail that 
shrouds her phenomena, and, as it were, submit the results of 
observation to the test of reason and of intellect. 

In reflecting upon the different degrees of enjoyment pre- 
sented to us in the contemplation of nature, we find that the 
first place must be assigned to a sensation, which is wholly 
independent of an intimate acquaintance with the phyncsd 
phenomena presented to our view, or of the peculiar character 
of the region surrounding us. In the uniform plain bounded 
only by a distant horizon, where the lowly heather, the cistus, 
or waving grasses, deck the soil ; on the ocean shore, where 
the waves, softly rippling over the beach, leave a track, green 
with the weeds of the sea ; every where, the mind is penetra- 
ted by the same sense of the grandeur and vast expanse of 
nature, revealing to the soul, by a mysterious inspiration, the 
existence of laws that regulate the lorces of die universe. 
Mere communion with nature, mere contact with the free air, 
exercise a soothing yet strengthening infiuence on the wearied 
spirit, calm the storm of passion, and soften the heart when 
shaken by sorrow to its inmost depths. Every where, in ev- 
ery reg^n of the globe, in every stage of intellectual culture, 
the same sources of enjoyment are alike vouchsafed to man. 
The earnest and solemn thoughts awakened by a communion 
with nature intuitively arise from a presentiment of the order 
and harmony pervading the whole universe, and firom the 
contrast we draw between the narrow limits of our own ex* 
istence and the image of infinity revealed on every side, wheth- 
er we look upward to the starry vault of heaven, scan the far- 
stretching plain before us, or seek to trace the .dim horizon 
across the vast expanse of ocean. 

The contemplation of the individual characteristics of the 
landscape, and of the conformation of the land in any definite 
region of the earth, gives rise to a different source of enjoy- 
ment, awakening impressions that are more vivid, better de- 
fined, and more congenial to certain phases of the mind, than 
those of which we have already spoken. At one time the 
heart is stirred by a sense of the grandeur of the face of na- 
ture, by the strife of the elements, or, as in Northern Asia, by 
the aspect of the dreary barrenness of the far-stretching steppes ; 
at another time, softer emotions are excited by the contempla- 
tion of rich harvests wrested by the hand of man from the 
wild fertility of nature, or by the sight of himian habitations 
raised beside some wild and foaming torrent. Here I regard 
^less the degree of intensity than the difi^nce existing in the 

Vol. I.-^B 
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vaiicms sensationB that derive their charm and permauence 
£roin the peculiar character of the scene. 

If I might he allowed to ahandon myself to the recollections 
of my own distant travels, I would instance, among the most 
ftrikmg scenes of nature, the calm sublimity of a tropical night, 
when the star8> not sparkling, as in our northern skies, shed 
their soft and planetary light over the gently-heaving ocean ; 
or I would recall the deep valleys of the Cordilleras, where 
the tall and slender pahns pierce the leafy vail around them, 
and waving on high their feathery an3 arrow-like tranches, 
form, as it were, " a forest ahove a forest ;"* or I would de- 
scribe the summit of the Peak of Teneri^, when a horizontal 
layer of clouds, dazzhng in whiteness, has separated the cone 
of cinders from the plain below, and suddenly the ascending 
current pierces the cloudy vail, so that the eye of the traveler 
may range from the brink of the crater, along the vine-clad 
slopes of Orotava, to the orange gardens and banana groves 
that skirt the shore. In scenes like these, it is not the peace- 
ful charm uniformly spread over the face of nature that moves 
the heart, but rather the peculiar physiognomy and conforma- 
tion of the land, the features of the landscape, the ever-vary- 
ing outline of the clouds, and their blending with the horizon 
of the sea, whether it hes spread before us like a smooth and 
shining mirror, or is dimly seen through the morning mist. 
All that the senses can but imperfectly comprehend, all that 
is most awful in such romantic scenes of nature, may become 
a source of enjoyment to man, by opening a vvdde field to the 
creative powers of his imagination. Impressions change with 
the varying movements of the mind, and we are led by a hap- 
py illusion to believe that we receive from the external world 
that with which we have ourselves invested it. 

When far from our native country, after a long voyage, w© 
tread for the first time the soil of a tropical land, we expe- 
rience a certain feeUng of surprise and gratification in recog- 
i^zing, in the rocks that surround us, the same inclined schis- 
tose strata, and the same columnar basalt covered with cellu- 
lar amygdaloids, that we had left in Europe, and whose iden- 
tity of character, in latitudes so widely difierent, reminds us 
that the soHdification of the earth's crust is altogether inde- 
pendent of climatic influences. But these rocky masses of 
schist and of basalt are covered with vegetation of a character 
with which we are unacquainted, and of a physiognomy wholly 

* This expression is taken from a beautiful description of tropical 
foiwt scenery in Patd and Vtr^nia, by Bemardin de Saint Pierre. 
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unknown to us ; and it is then, amid the oolosBal and im^estio 
forms of an exotic flora, that we feel how wonderfally the flex^ 
ibility of our nature fits us to receive new impressiims, linked 
together by a certain secret analogy. We so readily perceive 
the affinity existing among all the forms of organic life, that 
although the sight of a vegetation similar to that of our native 
country might at first be most welcome to the eye, as the sweet 
famihar sounds of our mother tongue are to the ear, we nev- 
ertheless, by degrees, and almost imperceptibly, become famil- 
iarized with a new home and a new climate. As a true citi- 
zen of the world, man every where habituates himself to that 
which surrounds him ; yet fearful, as it were, of breaking the 
links of association that bind him to the home of his childhood, 
the colonist applies to some few plants in a far-distant elime the 
names he had been familiar with in his native land ; and by 
the mysterious relations existing among all types of organiza- 
tion, the forms of exotic vegetation present themselves to his 
mind as nobler and more perfect developments of those he had 
loved in earlier days. Thus do the spontaneous impressions 
of the untutored mind lead, like the laborious deductions of 
cultivated intellect, to the same intimate persuasicm, that one 
sole and indissoluble chain binds together all nature. 

It may seem a rash attempt to endeavor to separate, into 
its diflerent elements, the magic power exercised upon our 
minds by the physical world, since the character of the land- 
scape, and of every imposing scene in nature, depends so ma- 
terially upon the mutual relation of the ideas and sentiments 
simultaneously excited in the mind of the observer. 

The powerful eflect exercised by nature springs, as it were, 
from the connection and unity of the impressions and emo- 
tions produced ; and we can only trace their diflerent sources 
by analyzing the individuality of objects and the diversity of 
forces. 

The richest and most varied elements for pursuing an anal- 
ysis of this nature present themselves to the eyes of the trav- 
eler in the scenery of Southern Asia, in the Great Indian 
Archipelago, and more especially, too, in the New Continent, 
where the summits of the lofty Cordilleras penetrate the oon- 
fines of the aerial ocean surrounding our globe, and where the 
same subterranean forces that once raised these mountain 
chains still shake them to their foundation and threats their 
downfall. 

Graphic delineations of nature, arranged according to sys- 
tematio views, axe not only suited to pleasQ. the imagination. 
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but may also, when properly confiidered, indicate the grades 
of the impressions of whioh I have spoken, from the uniform- 
ity of the sea-shore, or the barren steppes of Siberia, to the 
inexhaustible fertility of the torrid zone. If we were even to 
picture to ourselves Mount Pilatus placed on the Schreck- 
horn,* or the Schneekoppe of Silesia on Mont Blanc, we should 

* These comparisons are only approximative. The several eleva- 
tions above the level of the sea are, in accurate numbers, as follows : 

The Schneekoppe or Biesenkoppe, in Silesia, about 5270 feet, ac- 
cording to Hallaschka. The Righi, 5902 feet, taking the height of the 
hake of Lucerne at 1426 feet, according to Eschman. (See Compie 
Rendu des Meaurea Trieonomeiriquea en Suisse, 1840, p. 230.) Mount 
Athos, 6775 feet, according to Captain Gaultier; Mount Pilatus, 7546 
feet; Mount ^tna, 10,871 teet, according to Captain Smyth; or 10,874 
feet, according to the barometrical measurement made by Sir John 
Herschel, and communicated to me in writing in 1825, and 10,899 feet, 
according to angles of altitude taken by Cacciatore at Palermo (calcu- 
lated by assuming the terrestrial refraction to be 0*076) ; the ^chreck- 
horn, 12,383 feet ; the Jungfrau, 13,720 feet, according to Tralles ; Mont 
Blanc, 15,775 feet, according to the different measurements considered 
by Roger {B^L Univ,, May, 1828, p. 24-53), 15,733 feet, according to 
the measurements taken from Mount Columbier by Carlini in 1821, and 
15,748 feet, as measured by the Austrian engineers from Trelod and 
"the Glacier d'Ambin. 

The actual height of the Swiss mountains fluctuates, according to 
,£s<^mau's observations, as much as 25 English feet, owing to the vary- 
ing thickness of the stratum of snow that covers the summits. Chim- 
borazo is, according to my trigonometrical measarements, 21,421 feet 
(see Humbddt, Reeu4il d'Oba. Astr., tome i., p. 73), and Dhawalagiri, 
29,074 feet. AJs there is a difference of 445 feet between the determin- 
«tioii^ of Blake and Webb, the elevation assigned to the Dhawalagiri 
(or white mountain, from the Sanscrit dhawala, white, and giri, mount- 
ain) can not be received with the same confidence as that of the Jawa- 
hir, 25,749 feet, since the latter rests on a complete trigonometrical 
measurement (see Herbert and Hodgson in the Asiat. Res., vol. xiv., 
p.. 189, and Suppl. to Encycl. Brit., vol. iv., p. 643). I have shown 
elsewhere {Ann. des Sciences Naturelles, Mars, 1825) that the height of 
the Dhawalagiri (28,074 feet) depends on several elements that have 
not been ascertained with certainty, as azimuths and latitudes (Hum- 
boldt, Asie CefUralef t. iii., p. 282). It has been believed, but without 
foundation, that in the Tartaric chain, north of Thibet, opposite to the 
chain of Kuen-lun, there are several snowy summits, whose elevation 
is about 30,000 English feet (almost twice that of Mont Blanc), or, at 
any rate, 29,000 feet (see Captain Alexander Gerard's and John Gerard's 
Journey to, the Boorendo Passt 1840, vol. i., p. 143 and 311). Chimbo- 
razo is spoken of in the text only as one of the highest summits of the 
chain of the Andes; for in the year 1827, the learned and highly-lifted 
traveler, Pentland, in his memorable ex{)edition to Upper Pern (Bohvia), 
measured the elevation of two monntaina situated to the east of Lake 
Titicaca, viz., the Sorata, 25,200 feet, and the Illimani, 24,000 feet, both 
greatly exceeding the height of Chimborazo, which is onl^ 21,421 foot, 
and being nearly equal in elevation to the JawiJiir, which is the highest 
iDoimtaiii in the Htmalaya tiiat has as. yet been accurately measored. 
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not have attained to the height of that great Colossus of the 
Andes, the Cbimborazo., whoso height is tmce that of Mount 
JEtna; and we must pile the Righi, or Mount Atho6> on the 
summit of the Chimborazo, in order to form a just estimate 
of the elevation of the Dhawalagiri, the highest point of the 
Himalaya. But although the mountains of India greatly sxus 
pass the Cordilleras of South America hy their astonishing el- 
evation (which, alter being long contested, has at last been 
confirmed by accurate measurements), they can not, firom their 
geographical position, present the same inexhaustible variety 
of phenomena by which the latter are characterized. The 
impression produced by the grander aspects of nature does not 
depend exclusively on height. The chain of the Himalaya is 
placed far beyond the limits of the torrid zone, and scarcely is 
a solitary palm-tree to be found in the beautiful valleys of 
Kumaoun and Garhwal.* On the southern slope of the an- 
cient Paropamisus, in the latitudes of 28° and 84°, nature no 
longer displays the same abundance of tree-ferns and arbores* 
cent grasses, heCconias and orchideous plants, which in tropic- 

Thns Mont Blanc is 5646 feet below Chimborazo ; OhimboTazo, 3779 
feet below the Sorata ; the Sorata, 549 feet below the Jawabir, and prob- 
ably aboat 2880 feet below the Dbawalagiri. According to a new 
l^easurement of the Illimani, by Pentland, in 1838, the elevation of this 
mountain is given at 23,868 feet, varying only 133 feet from the meas- 
urement taken in 1827. The elevations have been given in this note 
with minute exactness, as erroneous numbers have been introduced 
into many maps and tables recently published, owing to incorrect re- 
ductions of the measurements. 

[In the preceding note, taken from those appended to the Introduc- 
tion in the French tranedation, rewritten by Hunboldt himself^ the 
measurements are given in meters, but these have been converted into 
English feet, for the greater convenience of the general reader.] — >Tr, 

* The absence of j>alms and tree-ferns on the temperate slopes of the 
Himalaya is shown m Don's Flora Nepalenaiif 1825^ and in the remark- 
able series of lithographs of Wallich^s Flora Indieay whose catalogue 
contains the enormous number of 7683 Himala;^a species, almost all 
phanerogamic plants, which have as yet been but imperfectly classified. 
In Nepaul (lat. 26^° to 27 i°) there has hitherto been observed only oae 
species of palm, Ghamserops martiana. Wall. (PlarUa Asiat.f lib. iii., p. 
5, 211), which is found at the height of 5250 English feet above the level 
of the sea, in the shady valley of Bnnipa. The magnificent tree-fern, 
Alsophila brunoniana, Wall, (of which a stem 48 feet long has been in 
the possession of the British Museum since 1831), does not grow in Ne- 
paul, but is found on the mountains of Silhet, to the northwest of Cal- 
cutta, in lat 24^ 50^ The Nepaul fern, Paranema cyathOides, Don, 
formerly known as Sphaeroptera barbata. Wall. {Planta Asiat., lib. i., 
p. 42, 48), is, indeed, nearty related to Cyathea, a species of which I 
have seen in the South American Missions of Caripe, measoring 33 feel 
in height; this is no^ howeyer, properly speakiiig, a tree. 
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Id regions are to be found even on the highest plateaux of the 
mountains. On the slope of the Himalaya, under the shade 
of the Deodora and the broad-leaved oiky peculiar to these 
Indian Alps, the rocks of granite and of mica schist are cov- 
ered with vegetable forms almost similar to those which char- 
acterize Europe and Northern Asia. The species are not 
identical, but closely analogous in aspect and physiognomy, as, 
Sat instance, the juniper, the alpine birch, the gentian, the 
marsh pamassia, and the prickly species of Hibes.^ The 
chain of the Himalaya is also wanting in the imposing phe- 
nomena of volcanoes, which in the Andes and in the Indian 
Archipelago often reveal to the inhabitants, under the most 
terrific forms, the existence of the forces pervading the inte- 
rior of our planet. 

Moreover, on the southern declivity of the Himalaya, where 
the ascending current deposits the exhalations rising firom a 
vigorous Indian vegetation, the region of perpetual snow be- 
gins at an elevation of 11,000 or 12,000 feet above the level 
of the 8ea,t thus setting a limit to the development of organic 

* Ribes nabicola, R. glaciale, B. grossalana. The spexsies which 
eompoBe the vegetation of the Himalaya are four pines, notwithstanding 
the assertion of the ancients regarding Eastern Asia (Strabo, lib. 11, p. 
510, CaB,)y twenty-five oaks, four birches, two chestnuts, seven maples, 
twelve willows, fourteen roses, three species of strawberry, seven spe- 
cies of Alpine roses {rhododendra), one of which attains a height of 20 
feet, and many other northern genera. Large white apes, having black 
fiices, inhabit the wild chestnat-tree of Kashmir, which grows to a height 
of 100 feet, in lat. 33^ (see Carl von HQgers Kaschmir, 1840, 3d pt., 
249). Among the Conifer®, we find the PiQUs deodwara, or deodara 
(in Sanscrit, dSwa-darUj the timber of the gods), which is nearly allied 
to Finos cedrus. Near the limit of perpetual snow floarish the lar£[e 
and showy flowers of the Gentiana venusta, G. Moorcroftiana, Swertia 
purpurescens, S. speciosa, Pamassia armata, P. nubicola, Pceouia Emo- 
di, Tulipa stellata ; and, besides varieties of European genera peculiar 
to these Indian mountains, true European species, as Leontodon tarax- 
acum. Prunella vulgaris, Galium aparine, and Thlaspi arvense. The 
heath mentioned by Saunders, in Turner's Travels, and which had been 
confounded with Calluna vulgaris, is an Andromeda, a fact of the great- 
est importance in the geo^phy of Asiatic plants. If I have made use, 
in thii work, of the onphilosophical expressions of Eiuropean genera, 
European species, growing mid in Ana, &c,f it has been in consequence 
of the old botanical language, which, instead of the idea of a large dis- 
semination, or, rather, of the coexistence of organic productions, has 
dogmatically substituted the false hypothesis of a migration, which, 
from predilection for Europe, is further assumed to have been from west 
to east. 

t On the southern declivity of the Himalaya, the limit of perpetual 
•DOW is 12,978 feet above the level of the sea; on the northern decliv- 
ity, or, rather, on the peaks which rise above the Thibet, or Tartarian 
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life in a zone that is nearly 3000 feet lower than that to which 
it attains in the equinoctial region of the Cordilleras. 

plateau, this limit is at 16,625 feet from 30^^ to 32^ of latitude, while 
at the equator, in the Andes of Quito, it is 15,790 feet. Such is the 
result I have deduced from the combination of numerous data furnished 
by Webb, Gerard, Herbert, and Moorcroft. (See my two memoirs on 
the mountains of India, in 1816 and 1820, in the Ann. de Chimie et de 
Physique, t iii., p. 303 ; t. xiv., p. 6, 22, 50.) The greater elevation to 
which the limit of perpetual snow recedes on the Tartarian declivity 
is owing to the radiation of heat from the neighboring elevated plains, 
to the purity of the atmosphere, and to the infrequeilt formaition of snow 
in an air which is both very cold and very dry. (Humboldt, Asie Cen- 
irale, t. iii., p. 281-326.) My opinion on the difierence of heicht of 
^e snow-line on the two sides of th^ Himalaya has the high aumority 
of Colebrooke in its fiiivor. He wrote to me m June, 1824, as follows: 
** I also find, from the data in my possession, that the elevation of the 
line of perpetual snow is 13,000 feet. On the southern declivity, and 
at latitude 31^, Webb's measurements give me 13,500 feet, consequently 
500 feet more than the height deduced from Captain Hodgson's ob- 
servations. Gerard's measurements iully confirm your opinion that 
the line of snow is higher on the northern than on the soutnem side." 
It was not until the present year (1840) that we obtained the complete 
and collected journal of the brothers Gerard, pttblished under the 'su- 
pervision of Mr. Lloyd. (Narrative of a Journey from Cavmpoor to 
the Boorendo Pass, in the Himalaya, by Captain Alexander Oerard and 
John Gerard, edited by George Lloyd, vol. i., p. 291, 311, 320, 327, and 
341.) Many interesting details regarding some localities may be found 
in the narrative of A Visit to the 8hatool,for the Purpose of determining 
the Line of Perpetual Snow on the southern face of the Himalaya, in Aur- 
gust, 1822. Unfortunately, however, these travelers always confound 
the elevation at which sporadic snow &]ls with the maximum of the 
height that the snow-line attains on the Thibetian plateau. Captain 
Gerard distinguishes between the summits that rise in the middle of 
the plateaa, where he states the elevation of the snow-line to be be- 
tween 18,000 and 19,000 feet, and the northern slopes of the chiuB of 
the Him^daya, which border on the defile of the Sutledge, and can ra- 
diate but little heat, owing to the deep ravines vdth which they are 
intersected. The elevation of the village of Tangno is given at only 
9300 feet, while that of the plateaa surrounding the sacred lake of Ma- 
nasa i« 17,000 feet. Captain Gerard finds tiie snow-line 500 feet lower 
on the northern slopes, where the chain of the Himalaya is broken 
through, than toward the southern declivities feeing Hindostan, and he 
there estimates the line of perpetual snow at 15,000 feet The most 
striking differences are presented between the vegetation on the Thib- 
etian plateau and that characteristic of the southern slopes ot the Him- 
alaya. On the latter the cu^tivalion of grain is arrested at 9974 feet, 
and even there the com has often to be cut when the blades are still 
green. The extreme limit of forests of taU oaks and deodars is 11,960 
feet ; that of dwarf birches, 12,983 feet. On the plains. Captain Gerard 
found pastures up to the height of 17,000 feet; the cereals will grow at 
14,100 feet, or even at 18,540 feet; birches with tall stems at 14,100 
feet, and copse or brush wood applicable for fuel is found at an elevap 
tion of upward of 17,000 feet, that is to say, 1280 feet above the lower 
limits ofthe snow-line at the equator, in the province of Quito. It is 
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But the countries bordering on the equator possess another 
advantage, to which sufficient attention has not hitherto beeh 

Tery deairable that the mean elevation of the Thibetian plateau, which 
I have estimated at only about 8200 feet between the Himalaya and 
the Kuen-lun, and the difference in the height of the line of perpetual, 
snow on the eouthem and on the northern slopes of the Himalaya, should 
be again investigated by travelers who are accustomed to judge of the 
general conformation of the land. Hitherto simple calculations have too 
often been confounded with actual measurements, and the elevations 
of isolated vimmits with that of the surrounding plateau^ (Compare 
Carl Zimmerman's excellent Hypsometrical Remarks in his Geograph- 
ischen Arudyse der Karte von Inner AsieUf 1841, s. 98.) Lord draws 
attention >to the difference presented by the two faces of the Himalaya 
and those of the Alpine chain of Hindoo-Coosh, with respect to the 
limits of the snow-line. " The latter chain," he says, "has the table- 
land to the south, in consequence of which the snow-line is higher on 
the southern side, contrary to what we find to be the case with respect 
to the Himalaya, which is bounded on the south by sheltered plains, 
as Hindoo-Coosh is on the north." It must, however, be admitted that 
the hypsometrical data on which these statements are based require a 
critical revision with regard to several of their details ; but still they 
suffice to establish the main fact, that the remarkable configuration of 
the land in Central Asia affords man all that is essential to the mainte- 
nance of life, as habitation, food, and fuel, at an elevation above the 
level of the sea which in almost all other parts of the globe is covered, 
with perpetual ice. We must except the very dry districts of Bolivia, 
where snow is so rarely met with, and where Pentl^d (in 1838) fixed 
the snow-line at 15,667 feet, between 16^ and 17^° south latitude. The 
opinion that I had advanced regarding the difference in the snow-line 
on the two faces of the Himalaya has been most fiilly confirmed by the 
barometrical observations of Victor Jacquemont, who fell an early sac- 
rifice to his noble and unwearied ardor. (See his Correspondance 
pendant son Voyage dans VInde, 1828 a 1832, liv. 23, p. 290, 296, 299.) 
**^ Perpetual snow, says Jacquemont, " descends lower on the southern 
than on the northern slopes of the Himalaya, and the limit constantly 
rises as we advance to the north of the chain bordering on India. On. 
the Kioubrong, about 18,317 feet in elevation, according to Captain 
OeiBid,. 1 was still considerably below the limit of perpetual snow, 
which I beUeve to be 19,690 fee$ in this part of Hindostan." (Tliis 
estimate I consider much too big)).) 

The same traveler says, " To whatever height we rise on the south- 
ern declivity of the Himalaya, the climate retains the same character, 
and the same division of the seasons as in the plains of India ; the sum- 
mer solstice being every year marked by the same prevalence of rain, 
which continues to fall without intermission until the autumnal equi- 
nox. But a new, a totally different climate begins at Kashmir, whose 
' elevation I estimate to be 5350 feet, nearly equal to. that of the cities 
of Mexico and Popayan" ( Correspond, de Jacquemont^ t. ii.j p. 58 et 74). 
The warm and humid air of the sea, as Leopold von Buch well observes, 
is carried by the monsoons across the plfuns of India to the skirts of 
the Himalaya, which arrest its course, and. hinder it fix)m diver^g to 
the Thibetian districts of Ladak and Lassa. Carl von HO gel estimates 
the elevation of the Valley of Kashmir above the level of the sea at 
5818 feet^ and bases bis observation on the determination of the boiling 
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directed. This portion of the surface of the globe afibrds in 
the smallest space the greatest possible variety of impressions 
from the contemplation of nature. Among the colossal mount- 
ains of Cundinamarca, of Quito, and of Peru, furrowed by 
deep ravines, man is enabled to contemplate alike all the fam- 
ilies of plants, and all the stars of the firmament. There, at 
a single glance, the eye surveys majestic palms, humid forests 
of bambusa, and the Varied species of Musaceae, while above 
these forms of tropical vegetation appear oaks, medlars, the 
sweet-brier, and imibelliferous plants, as in our European 
homes. There, as the traveler turns his eyes to the vault of 
heaven, a single glance embraces the constellation of the South- 
em Cross, the Magellanic clouds, and the giiiding stars of the 
constellation of the Bear, as they circle round the arctic pole. 
There the depths of the earth and the vaults of heaven dis- 
play all the richness of their forms and the variety of their 
phenomena. There the different climates are ranged the one 
above the other, stage by stage, like the vegetable zones, whose 
succession they limit ; and there the observer may readily 
trace the laws that regulate the diminution of heat, as they 
stand indelibly inscribed on the rocky walls and abrupt decliv- 
ities of the Cordilleras. 

Not to weary the reader with the details of the phenomena 
which I long since endeavored graphically to represent,* I 
will here limit myself to the consideration of a few of the gen- 
eral results whose combination constitutes the physical ddin&- 
ation of the torrid zone. That which, m the vagueness of bur 

ipoint of water (see theil 11, s. 155, and Journal of Oeog. Soc^ vol. vi., 
p. 215)^ In this valley, where the atmosphere is scarcelv ever agita- 
ted by storms, and in 34^ 7' lat., snow is found, several teet in thick- 
ness, from December to March. 

* See, generally, my Essai sur la O^ographie des Plantei, et le Ta- 
bleau physique des Regions EquinoxialeSf 1807, p. 80^88. On the diur- 
nal and nocturnal variations of temperature, see Plate 9 of my Atlas 
Giogr. et Phys* du Nouveau Continent; and the Tables in my work, 
entitled De distributione Geographica Plantarum, secundum ccbH tempe" 
rienit et altitudinem Montium, J. 81 7, p. 90-116 ; the meteorological por- 
tion of my Asie Centrale, t. iii., p. 212, 224; and, finally, the more 
recent and far more exact exposition of the variations of temperature 
experienced in correspondence with the increase of altitude on we chain 
of the Andes, giveh in BoussingauIVs Memoir, Sur la profondeur a la- 
quelle on irouve, sous les Tropiques, la coucke de Temperature Invaria- 
Me, (Ann. de Chimie et de Physique, 1833, t. liii., p. 225-247.) This 
treatise contains the elevations of 128 points, included between the 
level of the sea and the declivity of the Antisana (17,900 feet), as well 
as the mean temperature of the atmosphere, which varies with the 
height between 81° and 35° F. 

B2 



Digitized by VjOOQ IC 



34 CKM9MOB. 

impreflBiQns, loses all di8tmctne8& of forai, like some distant 
mountain shrouded from view by a vail of mist, is clearly re- 
vealed by the light of mind, which, by its scrutiny into the 
causes of phenomena, learns to resolve and analyze their dif- 
ferent elements, assigning to each its individual character. 
Thus, in the sphere of natural investigation, as in poetry and 
painting, the delineation of that which appeals most strong- 
ly to the imagination, derives its collective interest from the 
vivid truthfulness with which the individual features are por- 
trayed. 

The regions of the torrid zone not only give rise to the 
most powerful impressions by their organic richness and their 
abundant fertility, but they likewise aSbrd the inestimable 
advantage of revealing to man, by the imi&rmity of the vari- 
ations of the atmosphere and the development of vital forces, 
and by the contrasts of climate and vegetation exhibited at 
different elevations, the invariability of the laws that regulate 
the course of the heavenly bodies, reflected, as it were, in ter- 
restrial phenomena. Let us dwell, then, for a few moments, 
on the proofs of this regularity, which is such that it may be 
submitted to numerical calculation and computation. 

In the burning plains that rise but little above the level of 
the sea, reign the families of the banana, the cycas, and the 
palm, of which the number of species comprised in the flora 
of tropical regions has beei^ so wonderfully increased in the 
present day by the zeal of botanical travelers. To these 
groups succeed, in the Alpine valleys, and the humid and 
shaded clefts on the slopes of the Cordilleras, the tree-ferns, 
'Whose thick cylindrical trunks and delicate lace-like foliage 
stand out in bold relief against the azure of the sky, and the 
cinchona, from which we derive the febrifiige bark. The 
medicinal strength of this bark is said to increase in propor- 
tion to the degree of moisture imparted to the foliage of the 
tree by the light mists which form the upper surface of the 
clouds resting over the plains. Every where around, the con- 
fines of the forest are encircled by broad bands of social plants, 
as the delicate aralia, the thibaudia, and the myrtle-leaved 
Andromeda, while the Alpine rose, the magnificent be&ria, 
weaves a purple girdle Bound the spiry peajcs. In the cold 
regions of the Paramos, which is continually exposed to the 
jury of storms and winds, we find that flowering shrubs and 
herbaceous plants, beaming large and variegated blossoms, 
have given place to monocotyledons, whose slender spikes con- 
stitute the sole covering of the soil. This is the zone of the 
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grasses, one vast savannah extending over the inunense mount- 
ain plateaux, and reflecting a yellow, almost golden tinge, to 
the slopes of the Cordilleras, on which graze the lama and the 
cattle domesticated by the European colonist. Where the 
naked trachyte rock pierces the grassy turf, and penetrates into 
those higher strata of air which are supposed to be less charged 
with carbonic acid, we meet only with plants of an inferior or- 
ganization, as lichens, lecideas, and the brightlyrcolored, dust- 
like lepraria, scattered around in circular patches. Islets of 
fresh-fallen snow, varying in form and extent, arrest the last 
feeble traces of vegetable development, and to these succeeds 
the region of perpetual snow, whose elevation imdergoes but 
little change, and may be easily determined. It is but rarely 
that the elastic forces at work within the interior of our globe 
have succeeded in breaking through the spiral domes, which, 
resplendent in the brightness of eternal snow, crown the sum- 
mits of the Cordilleras ; and even where these subterranean 
forces have opened a permanent communication with the at- 
mosphere, through circular craters or long fissures, they rarely 
send forth currents of lava, but merely eject ignited scorue, 
steam, sulphureted hydrogen gas, and jets of carbonic acid. 

In the earliest stages of civilization, the grand and imposing 
spectacle presented to the minds of the inhabitants of the trop- 
ics could only awaken feelings of astonishment and awe. It 
might, perhaps, be supposed, as we have already said, that the 
periodical return of the same phenomena, and the uniform man- 
ner in which they arrange themselves in successive groups, 
would have enabled man more readily to attain to a knowl- 
edge of the laws of nature ; but, as far as tradition and history 
guide us, we do not find that any application was made of the 
advantages presented by these favored regions. Recent re- 
searches have rendered it very doubtfiil whether the primitive 
seat of Hindoo civilization— one of the most remarkable phases 
in the progress of mankind — was actually within the tropics. 
Airyana Vaedjo, the ancient cradle of the Zend, was situated 
to the northwest of the upper Indus, and after the great re- 
ligious schism, that is to say, after the separation of the Ira- 
nians from the Brahminical institution, the language that had 
previously been common to them and to the Hindoos assumed 
among the latter people (together with the literature, habits, 
and condition of society) an individual form in the Magodha or 
Madnya Desa,* a district that is bounded by the great chain 

* See, on the MadhjadA9a, properly bo called, Lassen's excellent 
work, entitled Induche Altcrthumtkunde, bd. i., s. 92. The Chinese 
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"of Himalaya and the smaller range of the Vindhya. In less 
ancient times the Sanscrit language and civilization advance^ 
toward the southeast, penetrating further within the torrid zone^ 
as my brother Wilhelm von Humboldt has shown in his great 
work on the Kavi and other languages of analogous structure.* 

Notwithstanding the obstacles opposed in northern latitudes 
to the discovery of the laws of nature, owing to the excessive 
complication of phenomena, and the perpetual local variations 
that, in these climates, afiect the movements of the atmosphere 
and the distribution of organic forms, it is to the inhabitants 
of a small section of the temperate zone that the rest of man- 
kind owe the earliest revelation of an intimate and rational 
acquaintance with the forces governing the physical world. 
Moreover, it is from the same zone (which is apparently more 
favorable to the progress of reason, the softening of manners, 
and the security of public liberty) that the germs of civiliza- 
tion have been carried to the regions of the tropics, as much 
by the migratory movement of races as by the establishment 
of colonies, difiering widely in their institution from those of 
the Phoenicians or Greeks. 

In speaking of the influence exercised by the succession of 
phenomena on the greater or lesser facility of recognizing the 
causes producing them, I have touched upon that important 
stage of our communion with the external world, when the en- 
joyment arising from a knowledge of the laws, and the mutual 
connection of phenomena, associates itself with the charm of 
a simple contemplation of nature. That which for a long 
time remains merely an object of vague intuition, by degrees 
acquires the certainty of positive truth ; and man, as an im- 
mortal poet has said, in our own tongue — Amid ceaseless 
change seeks the unchanging polQ.t 

In order to trace to its primitive source the enjoyment de- 
rived from the exercise of thought, it is sufficient to cast a 
rapid glance on the earliest dawnings of the philosophy of na- 
ture, or of the ancient doctrine of the Cosmos, We find even 

give the name of Mo-kie-thi to the Bouthem Bahar, situated to the 
BOTith of the Ganges (see Foe-Koue^Ki^hj Cky-Fa-Hiariy 1836, p. 256). 
Cjambu-dwipa is the name given to the whole of India; but the words 
also indicate one of the four Buddhist contitients. 

* Ueb^r die Kawi Sprache auf der Insel Java, nebst einer Einleitung 
iiber die Verschiedenheii des menschlicken Sprachbaues und ihrtn Ein- 
fiusa auf die eeMtige Enttoichelung des Menechengeaehleeht^ $y von Wil- 
helm v. Humboldt, 1836, bd. i., s. 5-510. 

t This verse occurs in a poem of Schiller, entitled Der Spazier gang , 
which first appeared in 1795, in the Horen, 
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among the most savage Bations (as my own travels enable me 
to attest) a certain vague, terror-stricken sense of the all-pow- 
erlul unity of natural forces, and of the existence of an invisi- 
ble, spiritual essence manifested in these forces, whether in 
unfolding the flcvf^ and maturing the fruit of the nutrient 
tree, in upheaving the soQ of the forest, or in rending the clouds 
-with the might of the storm. We may here trace the revela- 
tion of a bond of union, linking together the visible world and 
that higher sjHritual world which escapes the grasp of the 
senses. The two become unconsciously blended together, de- 
veloping in the mind of man, as a ample product of ideal con- 
ception, and independently of the aid of observation, the first 
germ of a Philosophy of Nature. 

Among nations least advanced in civilization, the imagina- 
tion revels in strange and fantastic creations, and, by its pre- 
dilection for symbols, aHke influences ideas and language. In- 
stead of examining, men are led to conjecture, dogmatize, and 
interpret supposed facts that have never been observed. The 
inner world of thought and of feeling does not reflect the image 
of the external world in its primitive purity. That which in 
some regions of the earth manifested itself as the rudiments 
of natural philosophy, only to a small number of persons en- 
dowed with superior intelligence, appears in other regions, and 
among «itire races of men, to be the result of mystic tenden- 
cies and instinctive intuitions. An intimate communion with 
nature, and the vivid and deep emotions thus awakened, are 
likewise the source from which have sprung the first impulsed 
toward the worship and deification of the destroying and pre- 
serving fbrces of the universe. But by degrees, as man, after 
having passed through the different gradations of intellectual 
development, arrives at the free enjoyment of the regulating 
power of reflection, and learns by gradual progress, as it were, 
to separate the world of ideas from that of sensations, he no 
longer rests satisfied merely with a vague presentiment of the 
harmonious unity of natural forces ; thought begins to fulfill 
its noble mission ; and observation, aided by reason, endeav- 
ors to trace phenomena to the causes from which they spring. 

The history of science teaches us the difficulties that have 
opposed the progress of this active spirit of inquiry. Inaccu^ 
rate and imperfect observations have led, by false inductions, 
to the great number of physical views that have been perpet- 
uated as popular prejudices among all classes of society. Thus 
. by the side of a soUd and scientific knowledge of natural phe< 
nomena there has been preserved a system of the pretended 
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fesults of observation, which is so much the more difficult to 
shake, as it denies the validity of the facts by which it may 
be refuted. This empiricism, the melancholy heritage trans- 
mitted to us from former times, invariably contends for the 
truth of its axioms with the arrogance of a narrow-minded 
spirit. Physical philosophy, on the other hand, when based 
upon science, doubts because it seeks to investigate, distin- 
guishes between that which is certain and that which is mere- 
ly probable, and strives incessantly to perfect theory by ex- 
tending the circle of observation. 

This assemblage of imperfect dogmas, bequeathed by one 
age to another — this physical philosophy, which is composed 
of popular prejudices — ^is not only injurious because it perpet- 
uates error with the obstinacy engendered by the evidence of 
ill-observed facts, but also because it hinders the mind from 
attaining to higher views of nature. Instead of seeking to 
discover the mecm or medium point, around which oscillate, 
in apparent independence of forces, all the phenomena of the 
external world, this system delights in multiplying exceptions 
to the law, and seeks, amid phenomena and in organic fiirms, 
for something beyond the marvel of a regular succession, and 
an internal and progressive development. Ever inclined to 
believe that the order of nature is disturbed, it refuses to rec- 
ognize in the present any analogy with the past, and, guided 
by its own varying hypotheses, seeks at hazard, either in the 
interior of the globe or in the regions of space, for the cause 
of these pretended perturbations. 

It is the special object of the present work to combat those 
errors which derive their source from a vicious empiricism and 
from imperfect inductions. The higher enjoyments yielded by 
the study of nature depend upon the correctness and the depth 
of our views, and upon the extent of the subjects that may be 
comprehended in a single glance. Increased mental cultiva- 
tion has given rise, in all classes of society, to an increased de- 
sire of embellishing life by augmenting the mass of ideas, and 
by multiplying means for their generalization ; and this sen- 
timent fully refutes the vague accusations advanced against 
the age in which we live, showing that other interests, be- 
sides the material wants of life, occupy the minds of men. 

It is almost with reluctance that I am about to speak of a 
sentiment, which appears to arise from narrow-minded views» 
or from a certain weak and morbid sentimentality — I allude 
to ike fear entertained by some persons, that nature may by 
degrees lose a portion of the charm and magic of her power, 



Digitized by VjOOQ IC 



INTEODUCTION. 39 

as we leara more and more how to unvail her seoiets, com- 
prehend the mechanism of the movements of the heavenly 
bodies, and estimate numerically the intensity of natural forces. 
It is true that, properly speaking, the forces of nature can only 
exercise a magical power over us as long as their action is 
shrouded in mystery and darkness, and does not admit of be- 
ing classed among the conditions with which experience has 
made us acquainted. The efiect of such a power is, theie- 
foi:e, to excite the imagination, but that, assuredly, is not the 
fiiculty of mind we would evoke to preside over the laborious 
and elaborate observations by which we strive to attain to a 
knowledge of the greatness and excellence of the laws of the 
universe. 

The astronomer who, by the aid of the heliometer or a 
double-refracting prism,* determines the diameter of planetary 
bodies ; who measures patiently, year after year, the meridian 
altitude and the relative distances of stars, or who seeks a tel- 
escopic comet in a group of nebulas, does not feel his imagina- 
tion more excited — and this is the very guarantee of the pre- 
cision of his labors — ^than the botanijst who counts the divi- 
sions of the calyx, or the number of stamens in a flower, or ex- 
amines the connected or the separate teeth of the peristoma 
surrounding the capsule of a moss. Yet the multiphed an- 
gular measurements on the one hand, and the detail of organic 
relations on the other, alike aid in preparing the way for the 
attainment of higher views of the laws of the universe. 

We must not confound the disposition of mind in the ob- 
server at the time he is pursuing h^ labors, with the ulterior 
greatness of the views resulting from investigation and the 
exercise of thought. The phjrsieal philosopher measures with 
admirable sagacity the waves of light of unequal length which 
by interference mutually strengthen or destroy each other, 
even with respect to their chemical actions ; the astrcmomer, 
armed with powerful telescopes, penetrates the regions of 
space, contemplates, on the extremest confines of our solar 
system, the sateUites of Uranus, or decomposes faintly spark- 
ling points into double stars diflering in color. The botanist 
discovers the constancy of the gyratory motion of the chara in 
the greater number of vegetable cells, and recognizes, in the 
genera and natural famiUes of plants the intimate relations 
of organic forms. The vault of heaven, studded with nebu- 

* Arago's ocular micrometer, a bappy iinproyement upon Rochon's 
priflmatic or doable-reficaotioa micrometer. See M. Matrdea's note ixv 
MUmb|»'B Hi^^rt de VA9ir9nomc au dix-huitUme SHcle, 18^. 
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liB and stars, and the rich vegetable mantle that covers the 
soil in the climate of palms, can not surely fail to produce on 
the minds of these laborious observers of nature an impression 
more imposing and more worthy of the majesty of creation 
than oa those -who are imaccustomed to investigate the great 
mutual relations of phenomena. I can not, therefore, agree 
with Burke when he says, '* it is our ignorance of natural 
things that causes all our admiration, and chiefly excites our 
passions.*' 

While the illuaon of the senses would make the stars sta- 
tionary in the vault of heaven, Astronomy, by her aspiring la* 
bors, has assigned indefinite bounds to spac« ; and if she have 
set limits to the great nebula to which our solar system be- 
longs, it has only been to show us in those remote regions of 
space, which appear to expand in proportion to the increase 
of our optic powers, islet on islet of sc&ttered nebula. The 
feeling of the sublime, so far as it arises from a contemplation 
of the distance of the stars, of their greatness and physical ex- 
tent, reflects itself in the feeling of the infinite, which belongs 
to another sphere of ideas included in the domain of mind. 
The solemn and imposing impressions excited by this senti- 
ment are owing to the combination of which we have spoken, 
and to the analogous character of the enjoyment and emotions 
awak^ied in us, whether we float on the surface of the great 
deep, stand on some lonely mountain summit enveloped in the 
half-transparent vapory vail of the atmosphere, or by the aid 
of pow^r^l c^tical instruments scan the regions of «)ace, and 
see the remote nebulous mass resolve itself into worlds of stars. 

The mere accumulation of unconnected observaticms of de- 
tails, devoid of generalization of ideas, may doubtlessly have 
tended to create and foster the deeply-rooted prejudice, that 
the study of the exact sciences must necessarily chill the feel- 
ings, and diminish the nobler enjoyments attendant upon a 
contemplation of nature. Those who still cherish such erro- 
neous views in the present age, and amid the progress of pub- 
lic opinion, and the advancement of all branches of knowledge, 
fail in duly appreciating the value of every enlargement of the 
sphere of intellect, and the importance of tiie detail of isolated 
facts in leading us on to general results. The fear of sacri- 
ficing the free enjoyment of nature, under the influence of sci- 
entific reasoning, is often associated with an apprehension 
that every mind may not be capable of grasping the truths 
of the philosophy of nature. It is certainly true that in the 
midst of the universal fluctuation of phenomena and vital 
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forces — in that inextricable net-work of organisms by turns 
developed and destroyed — each step that we make in the 
more intimate knowledge of nature leads us to the entrance 
of new labyrinths ; but the excitement produced by a presenti- 
ment of discovery, the vague intuition of the mysteries to be 
unfolded, and the multiplicity of the paths before us, all tend 
to stimulate the exercise of thought in every stage of knowl- 
edge. The discovery of each separate law of nature leads to 
the establishment of some other more general law, or at least 
indicates to the intelligent observer its existence. Nature, as 
a celebrated physiologist* has defined it, and as the word was 
interpreted by the Greeks and Romans^ is " that which is ever 
growing and ever unfolding itself in new forms." 

The series of organic types becomes extended or perfected 
ih proportion as hitherto unknown regions are laid open to our 
view by the labors and researches of travelers and observers ; 
as living organisms are compared with those which have dis- 
appeared in the great revolutions of our planet ; and as micro- 
scopes are made more perfect, and are more extensively and 
efficiently employed. In the midst of this immense variety, 
and this periodic transformation of animal and vegetable pro- 
ductions, we see incessantly revealed the primordial mystery 
of all organic development, that same great problem of meta- 
morphosis which Gothe has treated with more than common 
sagacity, and to the solution of which man is urged by his 
desire of reducing vital forms to the smallest number of fun- 
damental types. As men contemplate the riches of nature, 
and see the mass of observations incessantly increasing be- 
fore them, they become impressed with the intimate convic- 
tion that the surface and the interior of the earth, the depths 
of the ocean, and the regions of air will still, when thousands 
and thousands of years have passed away, open to the scien- 
tific observer untrodden paths of discovery. The regret of 
Alexander can not be applied to the progress of observation 
and intelligence. t General considerations, whether they treat 
of the agglomeration of matter in the heavenly bodies, or of 
the geographical distribution of terrestrial organisms, are not 
only in themselves more attractive than special studies, but 
they also afford superior advantages to those who are unable 
to devote much time to occupations of this nature. The dif- 
ferent branches of the study of natural history are only accessi- 
ble in certain positions of social life, and do not, at every sea- 

* Cftrusy Von den IMheilcn des Knoeken und Schalen Ger&MteSy 1828^ 
5 6. t Plot., in Vita Alex. Magni, cap. 7. 
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BOH and in every climate, present like enjoyments. Thns, in 
the dreary regions of the north, man is deprived for a long 
period of the year of the spectacle presented hy the activity 
of the productive forces of. organic nature ; and if the mind 
be directed to one sole class of objects, the most animated 
narratives of voyages in distant lands will fail to interest and 
attract us, if they do not touch upon the subjects to which 
we are most partial. 

As the history of nations — ^if it were always able to trace 
events to theu: true causes — might solve the ever-recurring 
enigma of the oscillations experienced by the alternately pro- 
gressive and retrograde movement of human society, so might 
also the physical description of the world, the science of the 
CosmoSf if it were grasped by a powerful intellect, and based 
upon a knowledge of all the results of discovery up to a giv- 
en period, succeed in dispelling a portion of the contradictions 
which, at first sight, appear to arise from the complication of 
phenomena and the multitude of the perturbations simultane* 
ously manifested. 

The knowledge of the laws of nature, whether we can 
trace them in the alternate ebb and flow of the ocean, in the 
measured path of comets, or in the mutual attractions of mul- 
tiple stars, alike increases our sense of the calm of nature, 
while the chimera so long cherished by the human mind in 
its early and intuitive contemplations, the belief in a " discord 
of the elements," seems gradually to vanish in proportion as 
science extends her empire. General views lead us habitu- 
ally to consider each organism as a part of the entire creation, 
and to recognize in the plant or the animal not merely an 
isolated species, but a form linked in the chain of being to 
other forms either living or extinct. They aid us in compre- 
hending the relations that exist between the most recent dis- 
coveries and those which have prepared the way for them. 
Although fixed to one point of space, we eagerly grasp at a 
knowledge of that which has been observed in different and 
far-distant regions. We delight in tracking the course of the 
bold mariner through seas of polar ice, or in following him to 
the summit of that volcano of the antarctic pole, whose fires 
may be seen from afar, even at mid-day. It is by an ac- 
quaintance with the results of distant voyages that we may 
learn to comprehend some of the marvels of terrestrial mag- 
netism, and be thus led to appreciate the importance of the 
establishments of the numerous observatories which in the 
present day cover both hemispheres, and are designed to note 
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the sknultaneous occurreace of p^rturbatioiui, and the firequen- 
ey aad duration of magnetic storms. 

Let me be permitted here to touch upon a few points con- 
nected with discoveries, whose importance can only be esti- 
mated by those who. have devoted themselves to the study 
of the physical sciences generally. Examples chosen fiom 
among the ph«M>mena to which special attention has been 
directed in recent times, will throw additional light upon the 
preceding considerations. Without a preliminary knowledge 
of the orbits of comets, we should be unable duly to appre- 
ciate the importance attached to the discovery of one of these 
bodies, whose elliptical orbit i& included in the narrow limits 
of our solar system, and which has revealed the existence of 
an ethereal fluid, tending to diminish its centrifugal force and 
the period of its revolution. 

The superficial half-knowledge, so characteristic of the 
present day, which leads to the introduction of vaguely com- 
prehended scientific views into general conversation, also gives 
rise, under various forms, to the expression of alarm at the 
supposed danger of a collision between the celestial bodies, or 
of disturbance in the climatic relations of our globe. These 
phantoms of the imagination are so much the more injurious 
as they derive their source from dogmatic pretensions to true 
science. The history of the atmo^here, and of the annual 
variations of its temperature^ extends already suiiiciently far 
back to show the recurrence of slight disturbances in the 
mean temperature of any given place, and thus afibrds sufii- 
cient guarantee against the exaggerated apprehension of a 
general and progressive deterioration of the climates of Eu- 
rope. Encke's comet, which is one of the three interior 
cometSy completes its course in 1200 days, but fiom the form 
and position of its orbit it is as little dangerous to the earth 
as Halley's great comet, whose revolution is not completed in 
less than seventy-six years (aiit which appeared less brilliant 
in 1835 than it had done in 1759): the interior comet of 
Biela intersects the earth's orbit, it is true, but it can only 
approach our globe when its proximity to tha sun coincides 
with our winter solstice. 

The quantity of heat received by a planet, and whose un- 
equal distribution determines the meteorological variations 
of its atmosphere, depends alike upon the light-engendering 
force of the sun ; that is to say, upon the condition of its 
gaseous coverings, and upon tha relative position of the planet 
and the central body. 
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There are variations, it is tme, whieh, in obedience to the 
laws of universal gravitation, afiect the fi>nn of the earth's or- 
bit and the inclination of the echptic, that is, the angle which 
the axis of the earth makes with the plane of its orbit ; but 
these periodical variations are so slow, and are restricted with- 
in such narrow limits, that their thermic efiects would hardly 
be appreciable by our instruments in many thousands of years. 
The astronomical causes of a refrigeration of our globe, and 
of the diminution of moisture at its surface, and the nature 
and frequency of certain epidemics — phenomena which are 
oflen discussed in the present day according to the benighted 
views of the Middle Ages — ought to be considered as beyond 
the range of our experience in physics and chemistry. 

Phyracal astfonomy presents us with other phenomena, 
which can not be fully comprehended in all their vastness 
without a previous acquirement of general views regarding 
the ferces that govern the universe. Such, for instance, are 
the innumerable double stars, or rather suns, which revolve 
round one common center of gravity, and thus reveal in dis- 
tant worlds the existence of the Newtonian law ; the laiger 
or smaller number of spots upon the sun, that is to say, the 
openings formed through the luminous and opaque atmosphere 
surrounding the solid nucleus ; and the regular appearance, 
about the 13th of November and the 1 1th of August, of shoot- 
ing stars, which probably form part of a belt of asteroids, in- 
tersecting the earth's orbit, and moving vnth planetary ve- 
locity. 

Descending from the celestial regions to the earth, we 
would fain inquire into the relations that exist between the 
oscillations of the pendulum in air (the theory of which has 
been perfected by Bessel) and the density of our planet ; and 
how the pendulum, acting the part of a plummet, can, to a 
certain extent, throw light upon the geological constitution 
of strata at great depths ? ]By means of this instrument we 
are enabled to trace the striking analogy which exists be- 
tween the formation of the granular rocks composing the 
lava currents ejected from active volcanoes, and those endog- 
enous masses of granite, porphyry, and serpentine, which, is- 
suing from the interior of the earth, have broken, as erup- 
tive rocks, through the secondary strata, and modified them 
by contact, either in rendering them harder by the introduc- 
tion of silex, or reducing them into ddomite, or, finally, by 
inducing within them the formation of crystals of the most 
varied composition. The elevation of sporadic islands, of 
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domes of trachyte, and cones of basalt, by the elastic forces 
emanating from the fluid interior of our globe, has lecC one 
of the first geologists of the age, Leopold von Buoh, to the 
theory of the elevation of continents, and of mountain chains 
generally. This action of subterranean forces in breaking 
through and elevating strata of sedimentary roeks, of which 
the coast of Chili, in consequence of a great earthquake, fur- 
nished a recent example, leads to the assumption that the 
pelagic shells found by M. BoApland and myself on the ridge 
of the Andes, at an elevation of more than 15,000 English 
feet, may have been conveyed to so extraordinary a position, 
not by a rising of the ocean, but by the agency of volcanic 
forces capable of elevating into ridges the softened crust of 
the earth. 

I apply the term volcanic, in the widest sense of the word, 
to every action exercised by the interior of a planet on its 
external crust. The surface of our globe, and that of the 
moon, manifest traces of this action, which in the former, at 
least, has varied during the course of ages. Those who are 
ignorant of the fact that the internal heat of the earth in- 
creases so rapidly with the increase of depth that granite is 
in a state of fusion about twenty or thirty geographical ndles 
below the surface,* can not have a clear conception of the 
causes, and the simultaneous occurrence of volcanic eruptions 
at places widely removed from one another, or of the extent 
and intersection of cirdes of commotion in earthquakes, or of 
the uniformity of temperature, and equality of chemical com- 
position observed in thermal spnngs during a long course of 
, years. The quantity of heat peculiar to a planet is, however, 
a matter of such importance — ^being the result of its primitive 
condensation, and varying according to the nature and dura- 
tion of the radiation — that the study of this subject may 
throw some degree of light on the histor}*^ of the atmosphere, 
and the distribution of the organic bodies imbedded in the 
solid crust of the earth. This study enables us to understand 
how a tropical temperature, independent of latitude (that is, 
of the distance from the poles), may have been produced by 
deep fissures remaining open, and exhaling heat from the in- 

* The determinatioiis usually given of the point of fusion are in 
general much too high for refracting substances. According to the very 
accurate researches of MitscherUch, the melting point of granite ca|( 
hardly exceed 23730 F. 

[Dr. Mantell states in The WotiSera of Geology, 1848, voL i., p. 34, 
that this increase of temperature amounts to 1^ of Fahrenheit for every 
fifty-four feet of vertical depth.]— 2V. 
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teripr of the globe, at a period when the earth's orust wai 
still furrowed and rent, and only in a state of semi-solidiiica- 
tion ; and a primordial condition is thus revealed to us, in 
which the temperature of the atmosphere, and climates gen- 
erally, were owing rather to a liberation of caloric and of dif- 
ferent gaseous emanations (that is to say, rather to the ener- 
getic reaction of the interior on the exterior) than to the posi- 
tion of the earth with respect to the central body, the sun. 

The cold regions of the earth contain, deposited in sedi-' 
mentary strata, the products of tropical climates ; thus, in 
the coal formations, we find the trunks of palms standing up- 
right amid coniferse, tree ferns, goniatites, and fishes having 
rhomboidal osseous scales;* in the Jura limestone, colossal 
skeletons of crocodiles, plesiosauri, planulites, and stems of the 
cycadeoB ; in the chalk formations, small polythalamia and 
bryozoa, whose species still exist in our seas ; in tripoli, or 
polishing slate, in the semi-opal and the farina-like op&l or 
mountain meal, agglomerations of siliceous infusoria, which 
have been brought to light by the powerful microscope of 
Ehienberg;t and, lastly, in transported soils, and in certain 
caves, the bones of elephants, hyenas, and lions. An intimate 
acquaintance with the physical phenomena of the universe 
leads us to regard the products of warm latitudes that are 
thus found in a fossil condition in northern regions not merely 
as incentives to barren curiosity, but as subjects awakening 
deep reflection, and opening new sources of study. 

The number and the variety of the objects I have alluded 
to give rise to the question whether general considerations of 
physical phenomena can be made sufficiently clear to persons 
who have not acquired a detailed and special knowledge of 

* See the classical work on the fishes of the Old World by Agassiz, 
Reck. 8ur lea PoUtons Fosnles, 1834, vol. i., p. 38; vol. ii., p. 3, 28, 
34, App., p. 6. The whole genus of Amblypterus, Ag., nearly allied 
to Palsoniscus ^called also FalsBothrissam), lies baried beneath the 
Jura formations m the old carboniferous strata. Scales which, in some 
fishes, as in the family of Lepidoides (order of Ganoides), are formed 
like teeth, and covered in certain parts with enamel, belong, after the 
Flacoides, ta the oldest forms of fossil fishes ; their living representa- 
tives are s^ foond in two genera, the Bichir of the Nile and Senegal, 
and the Lepidosteut of the Ohio. 

t [The polishing sUUe of Bilin is stated by M. Ehrenberg to form a 
series of strata fourteen feet in thickness, entirely made up of the sili- 
ceous shells of OmllonelUef of such extreme minuteness that a cubic 
inch of the stone contains forty-one thousand millions I The Bergmekl 
{mountain meal or fotsil farina) of San Fiora, in Tuscany, is one mass 
of animalculites. See the interesting work of G. A. Mantell, On ike 
MedaU of Creation, vol. i., p. 223.}— rr. 
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descriptive natural history, geobgy, or mathematical astronr 
omy ? I think we ought to distinguish here between him 
whose iSk it is to collect the individual details of various 
observations, and study the mutual relations existing among 
them, and him to whom these relations are to be revealed, 
under the form of general results. The former should be ac- 
quainted with the specialities of phenomena, that he may ar- 
rive at a generalization of ideas as the result, at least in part, 
of his own observations, experiments, and calculations. It 
can not be denied, that where there is an absence of positive 
knowledge of physical phenomena, the general results which 
impart so great a charm to the study of nature can not all 
be made equally clear and intelligible to the reader, but still 
I venture to hope, that in the work which I am now prepar- 
ing on the physical laws of the universe, the greater part of 
the facts advanced can be made manifest without the neces- 
sity of appealing to fundamental views and principles. The 
picture of nature thus drawn, notwithstanding the want of 
distinctness of some of its outlines, will not be the less able to 
enrich the intellect, enlarge the sphere of ideas, and nourish 
and vivify the imagination. 

There is, perhaps, some truth in the accusation advanced 
against many Grerman scientific works, that they lessen the 
value of general views by an accumulation of detail, and do 
not sufficiently distinguish between those great results which 
form, as it were, the beacon lights of science, and the long 
series of means by which they have been attained. This 
method of treating scientific subjects led the most illustrious 
of our poets* to exclaim with impatience, ** The Grermans 
have the art of making science inaccessible.** An edifice can 
not produce a striking efiect until the scafiblding is removed, 
thut had of necessity been used during its erection. Thus the 
uniformity of figure observed in the distribution of continental 
masses, which all terminate toward the south in a pyramidal 
form, and expand toward the north (a law that determines 
the nature of climates, the direction of currents in the ocean 
and the atmosphere, and the transition of certain types of 
tropical vegetation toward the southern temperate' zone), m^y 
be clearly apprehended without any knowledge of the geo- 
desical and astronomical operations by means of which these 
pyramidal forms of continents have been determined. In like 
manner, physical geography teaches us by how many leagues 

• GOthe, in Die Aphorismen aber NcUurtnstenfchaftf bd. 1., s. 155<. 
(JVerke klHne Auigabt, von 1833.) 
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the equatorial aids exoeedB the polar axis of the globe, and 
shows us the mean equality of the flattening of the two hemi- 
spheres, without entailing on us the necessity of giving the 
detail of the measurement of the degrees in the meridiui, or 
the observations on the pendulum, which have led us to know 
that the true figure o£ our globe is not exactly that of a regu- 
lar ellipsoid of revolution, and that this irregularity is reflect- 
ed in the corresponding irregularity of the movements of the 
moon. 

The views of comparative geography have been specially 
enlarged by that admirable work, Erdkunde im VjsrhaUniss 
zur Naticr und zur Gesckichte, in which Carl Hitter so ably 
delineates the physiognomy of our globe, and show» the influ- 
ence of its external configuration <m the physical phenomena 
on its surface, on the migrations, laws, and manners of nations, 
and on all the principal historical events enacted upon the face 
of the earth. 

France possesses an immortal work, V Exposition du Sy&- 
teme du Monde, in which the author has combined the results 
of the highest astronoxnieal and mathematical labors, and pre- 
sented them to his readers &ee from all processes of demon- 
stration. The structure of the heavens is here reduced to the 
simple solution of a great problem in mechanics ; yet Laplace^s 
work has never yet been accused of incompleteness and want 
of profundity. 

The distinction between dissimilar subjects, and the sepa* 
ration of the general from the special, are not only conducive 
to the attainment of perspicuity in the composition of a phys- 
ical history of the universe, but are also the means by which 
a character of greater elevation may be imparted to the study 
of nature^ By the suppression of all unnecessary detail, the 
great masses are better seen, and the reasoning faculty is ena- 
bled to gra^ all that might otherwise escape the limited range 
of the senses. 

The exposition of general results has, it must be owned, been 
singularly facilitated by the happy revolution experienced since 
the close of the last century, in the condifion of all the special 
sciences, more particularly of geology, chemistry, and descrip- 
tive natural history. ' In proportion as laws admit of more 
general application, and as sciences mutually enrich each other, 
and by their extension become connected together in more nu- 
merous and more intimate relations, the development of gen- 
eral truths may be given with conciseness devoid of super|ici- 
dity. On being flrst examined, all phenomena appear to be 
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isolated, and it is only by the result of a multiplicity of obser- 
vations, combined by reason, that we are able to trace the 
mutual relations existing between them. If, however, in the 
present age, which is so strongly characterized by a brilliant 
course of scientific discoveries, we perceive a want of connec- 
tion in the phenomena of certain sciences, we may anticipate 
the revelation of new facts, whose importance will probably 
be commensurate with the attention directed to these branches 
of study. Expectations of this nature may be entertained with 
regard to meteorology, several parts of optics, and to radiating 
heat, and electro-magnetism, since the admirable discoveries 
of Melloni and Faraday. A fertile field is here opened to dis- 
covery, although the voltaic pile has already taught us the 
intimate connection existing between electric, magnetic, and 
chemical phenomena. Who will venture to affirm that we 
have any precise knowledge, in the present day, of that part 
of the atmosphere which is not oxygen, or that thousands of 
gaseous substances affecting our organs may not be mixed with 
the nitrogen, or, finally, that we have even discovered the whole 
number of the forces which pervade the universe ? 

It is not the purpose of this essay on the physical history of 
the world to reduce all sensible phenomena to a small number 
of abstract principles, based on reason only. The physical 
history of the universe, whose exposition I attempt to develop, 
does not pretend to rise to the perilous abstractions of a purely 
rational science of nature, and is simply a physical geography ^ 
combined taith a description of the regions of space and the 
bodies occupying tliem. Devoid of the profoundness of a purely 
speculative philosophy, my essay on the Cosmos treats of the 
contemplation of the universe, and is based upon a rational 
empiricism, that is to say, upon the results of tne facts regis- 
tered by science, and tested by the operations of the intellect. 
It is within these limits alone that the work, which I now 
venture to undertake, appertains to the sphere of labor to 
which I have devoted myself throughout the course of my 
long scientific career. The path of inquiry is not unknown 
to me, although it may be pursued by others with greater 
success. The unity which I seek to attain in the development 
of the great phenomena of the universe is analogous to that 
which historical composition is capable of acquiring. All 
points relating to the accidental individualities, and the essen- 
tial variations of the actual, whether in the form and arrange- 
ment of natural objects in the struggle of man against the 
elements, or of nations against nations, do not admit of being 

Vol. I— C 
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based only on a rational foundation — ^that is to say, of being 
deduced nrom ideas alone. 

It seems to me that a like degree of empiricism attaches to 
the Description of the Universe and to Civil History ; but in 
reflecting upon physical phenomena and events, and tracing 
their causes by the process of reason, we become more and 
more convinced of the truth of the ancient doctrine, that the 
forces inherent in matter, and those which govern the moral 
world, exercise their action under the control of primordial 
necessity, and in accordance with movements occurring period- 
ically after longer or shorter intervals. 

It is this necessity, this occult but permanent connection, 
this periodical recurrence in the progressive development of 
forms, phenomena, and events, which constitute nature, obe- 
dient to the first impulse imparted to it. Physics, as the term 
signifies, is limited to the explanation of the phenomens^ of the 
material world by the properties of matter. The ultimate 
object of the experimental sciences is, therefore, to discover 
laws, and to trace their progressive generalization. All that 
exceeds this goes beyond the province of the physical descrip- 
tion of the universe, and appertains to a range of higher spec- 
ulative views. 

Emanuel Kant, one of the few philosophers who have es- 
caped the imputation of impiety, ha^ defined with rare sagacr 
ity the limits of physical explanations, in his celebrated essay 
On the Theory and Structure of the Heavens, published at 
Konigsberg in 1755. 

The study of a science that promises to lead us through the 
vast range of creation may be compared to a journey in a iar- 
distant land. Before we set forth, we consider, and often 
with distrust, our own strength, and that of the guide we have 
chosen. But the apprehensions which have originated in the 
abundance and the difficulties attached to the subjects we 
woul4 embrace, recede from view as we remember that with 
the increase of observations in the present day there has also 
arisen a more intimate knowledge of the connection existing 
among all phenomena. It has not unirequently happened, 
that the researches made at remote distances have often and 
unexpectedly tiirown light upon subjects which had long re- 
sisted Uie attempts made to explain them within the naxrow 
limits of our own sphere of observation. Organic forms that 
had long remained isolated, both in the animal and vegetable 
kingdom, have been connected by the discovery of intermediate 
links or stages of transition. The geography of beings endow- 
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ed with life attains completeness as we 6ee the species, genera, 
and entire families belonging to one hemisphere, reflected, as 
it were, in analogous animal and vegetable forms in the oppo- 
site hemisphere. These are, so to^peak, the equivalents which 
mutually personate and replace one another in the great series 
of organisms. These connecting links and stages of trapisition 
may be traced, alternately, in a deficiency or an excess of de- 
velopm^t of certain parts, in the mode of junction of distinct 
organs, in the diflerences in the balance of forces, ot in a le- 
semblance to intermediate fonns which are not permanent, 
but merely characteristic of certain phases of normal ddrol- 
opment. Passing from the consideration of beings endowed 
with life to that of inoiganic bodies, we find many striking 
illustrations of the high state of advancement to which modem 
geology has attained. We thu^ see, according to the grand 
views of Elie de Beaumont, how chains of mountains dividing 
difierent climates and floras and diflerent races of men, reveal 
to us their relative age, both by the character of the sediment- 
ary strata they have uplifted, and by the directions which 
they follow over the long Assures with which the earth's crust 
is furrowed. B/clations of superposition of trachyte and of 
syenitic porphyry, of diorite and of serpentine, which remain 
doubtful when considered in the auriferous soil of Hungary, 
in the rich platinum districts of the Oural, and on the south- 
western declivity of the Siberian Altai, are elucidated by the 
observations that have been made ch% the plateaux of Mexico 
and Antioquia, and in the unhealthy ravines of Choco. The 
most important facts on which the physical history of the 
world has been based in modem times, have not been accu- 
mulated by chance. It has at length been fully acknowledg- 
ed, and the conviction is characteristic of the age, that the 
narratives of distant travels, too long occupied in the mere 
recital of hazardous adventures, can only be made a source of . 
'instruction where the traveler is acquainted with the condi- 
tion of the science he would enlarge, and is guided by reason 
in his researches. 

It is by this tendency to generalization, which is cMily dan- 
gerous in its abuse, that a great portion of the physical knowt 
edge already acquired may be made the common property of 
all classes of society ; but, in order to render the instmction 
imparted by these means commensurate with the importance 
of the subject, it is desirable to deviate as widely as possible 
from tire imperfect compilations designated, till the close of 
the eighteenth century, by the inappropriate terai oipopdat 
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knowledge. I take pleasure in persuading myself that scien- 
tific subjects may be treated of in language at once dignified, 
grave, and animated, and that those who are restricted with* 
in the circumscribed limits qf ordinary life, and have long re- 
mained strangers to an intimate communion with nature, 
may thus have opened to them one of the richest sources of 
enjoyment, by which the mind is invigorated by the acquisi- 
tion of new ideas. Communion with nature awakens within 
us perceptive faculties that had long lain dormant ; and we 
thus comprehend at a single glance the influence exercised by 
physical discoveries on the enlargement of the sphere of intel- 
lect, and perceive how a judicious application of mechanics, 
chemistry, and other sciences may be made conducive to na- 
tional prosperity. 

A more accurate knowledge of the connection of physical 
phenomena will also tend to remove the prevalent error that 
all branches of natural science are not equally important in 
relaticm to general cultivation and industrial progress. An 
arbitrary distinction is frequently made between the various 
degrees of importance appertaining to mathematical sciences, 
to the study of organized beings, the knowledge of electro- 
magnetism, and investigations of the general properties of mat- 
ter in its difierent conditions of molecular aggregation ; and it 
is not uncommon presiunptuously to affix a supposed stigma 
upon researches of this nature, by terming them " purely the- 
oretical," forgetting, although the fact has been long attested, 
that in the observation of a phenomenon, which at first sight 
appears to be wholly isolated, may be concealed the germ of a 
great discovery. When Aloysio Galvani first stimulated the 
nervous fiber by the accidental contact of two heterogeneous 
metals, his cotemporaries could never have anticipated that 
the action of the voltaic pile would discover to us, in the al- 
kalies, metals of a silvery luster, so light as to swim on wa- 
ter, and eminently inflammable ; or that it would become a' 
powerful instrument of chemical analysis, and at the same 
time a thermoscope and a magnet. When Huygens first ob- 
served, in 1678, the phenomenon of the polarization of light, 
exhibited in the difference between the two rays into which 
a pencil of light divides itself in passing through a doubly 
refracting crystal, it could not have been foreseen that, a 
century and a half later, the great philosopher Arago would, 
by his discovery of chromatic polarization^ be led to discern, 
by means of a small fragment of Iceland spar, whether solar 
light emanates from a solid body or a gaseous covering, or 
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whether comets transmit light directly or merely by reflec- 
tion.* 

An equal appreciation of all branches of the mathematical^ 
physical, and natural sciences is a special requirement of the 
present age, in which the material wealth and the growing 
prosperity of nations are principally based upon a more en- 
lightened employment' of the |»roductB and forces of nature: 
The most superScial glance at the present condition of Europe 
shows that, a diminution, or even a total annihilation of na- 
tional prosperity, must be the award of those states who shrink 
with slothful indifierence from the great struggle of rival na- 
tions in the career of the industrial arts. It is with nations 
as with nature, which, according to a happy expression of 
Gothe,t " knows no pause in progress and development, and 
attaches her curse on all inaction." The propagation of an 
earnest and sound knowledge of science can Uierefore alone 
avert the dangers of which I have spoken. Man can not act 
upon nature, or appropriate her forces to his own use, without 
comprehending their full extent^ «nd having an intimate ac- 
quaintance with the laws of the physical world. Bacon has 
said that, in human societies, knowledge is power; Both must 
rise and sink together. But the knowledge that results from 
llie free action of thought is at once the dehght and the in- 
destructible prerogative of man ; and in forming part of the 
wealth of mankind, it not unfrequently serves as a substitute 
for the natural riches, which are but sparingly scattered over 
the earth. Those states which take no active part in the 
general industrial movement, in the choice and preparation of 
natural substances, or in the appHcation of mechanics and 
chemistry, and among whom this activity is not appreciated 
by all classes of society, will infallibly see their prosperity di- 
minish in proportion as neighboring countries become strength- 
ened and invigorated under the genial influence of arts and 
sciences- 

As in nobler spheres of thought and sentiment, in philosophy, 
poetry, and the flne arts, the object at which we aim ought to 
be an inward one— an ennoblement of the intellect — so ought 
we likewise, in our pursuit of science, to strive after a knowl* 
edge of the laws and the principles of unity that pervade the 
vital forces of the imiverse ; and it is by such a course that 

* Arago*s Discoveries in the year 1811. — Delambre's Histoire de 
VAst., p. 652. (Passage already quoted.) 

t G5the, in Die AphotUmen iibet Naiurvn9sen$ehaft — Werktf bd. L; 
B. 4. 
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physical studies may be made subservient to the progress of in- 
dustry, which is a conquest of mind over matter. By a hap- 
py connection of causes and efiects, we often see the useful hnk- 
ed to the beautiful and the exalted. The improvement of agri- 
culture in the hands of freemen, and on properties of a mod- 
erate extent — ^the flourishing state of the mechanical arts freed 
from the trammels of mimicipal restrictions-^the increased 
impetus imparted to commerce by the multiplied means of 
contact of nations with each other, are all brilliant results of 
the intellectual progress of mankind, and of the ameHoration 
of political institutions, in which this progress is reflected. 
The picture presented by modern history ought to convince 
those who are tardy in awakening to the truth of the lesson 
h teAches. 

Nor let it be feared that the maiked predilection for the 
study a£ nature, and for industrial progress, which is so char* 
acteristic of the present age, should necessarily have a tenden* 
cy to retard the noble exertions of the intellect in the domains 
of philosophy, classical history, and antiquity, or to deprive 
the arts by which life is embellished of the vivifying breath of 
imagination. Where all the germs of civilization are devel* 
oped beneath the lepa of free institutions and wise legislation, 
there is no cause &t apprehending that any one branch of 
knowledge should be cultivated to the prejudice of others. 
All affi)rd the state precious fruits, whether they yield nourish- 
ment to man and constitute his physical wealth, or whether, 
more permanent in their nature, they transmit in the works 
of mind the -glory of nations to remotest posteiity . The Spar* 
tans, notwithstanding their Doric austerity, prayed the gods 
to grant them " the beautiful with the good."* 

I will no longer dwell upon the consiaerations of the influ* 
ence exercised by the mathematical and physical sciences on 
all that appertains to the material wants of social hfe, for the 
vast extent of the course on which I am entering forbids me 
to insist further upon the utility of these applications. Ac- 
customed to distant excursions, I may, perhaps, have erred in 
describing the path before us as more smooth and pleasant 
than it really is, for such is wont to be the practice of those 
who delight in guiding others to the summits of lofty mount- 
ains ; they praise the view even when great part of the dis- 
tant plains lie hidden by clouds, knowing that this half-trans- 
parent vapory vail imparts to the scene a certain charm from 

* PBeudo-Plato.— ii2cft6., xi., p. 1.84, ed. Steph. ; Plat., Inttiiuta La- 
eoniea, p. 253,' ed. Hutten. 
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the power exercised by the imagination over the domain of the 
senses. In like manner, from the height occupied by the phys^ 
ical history of the world, all parts o{ the horizon will not ap- 
pear equally clear and well defined. This indistinctness will 
not, however, be wholly owing to the present imperfect state 
of some of the sciences, but in part, likewise, to the unskill- 
fulness of the guide who has imprudently ventured to ascend 
these lofty summits. 

The object of this introductory notice is not, ho'wever, solely 
to draw attention to the importance and greatness of the phys- 
ical history of the universe, for in the present day these are too 
well understood io be contested, but likewise to prove how, 
without detriment to the stability of special studies, we may 
be enabled to generalize our ideas by concentrating them in 
one common focus, and thus arrive at a point of view £rom 
which all the organisms' and forces of nature may be seen as 
o^e livitEg, active whole, animated by one sole impulse. "Ma- 
ture," as Schelling remarks in his poetic discourse on art, "is 
not an inert mass ; and to him who can comprehend her vast 
sublimity, she reveals herself as the creative force of the uni- 
verse—before all time, eternal, ever active, she calls to life aU 
things, whether perishable or imperishable.'* 

By uniting, un3er one point of view, both the phenomena 
of our own globe and those presented in the regions of space, 
we embrace the limits of the science of the Cosmos^ and con- 
vert the physical history of the globe into the physical history 
of the universe, the one term being modeled upon that of the 
other. This science of the Cosmos is not, however, to be re- 
garded as a mere encyclopedic aggregation of the most im- 
portant and general results that have been coUeeted togeUier 
from special branches of knowledge. These results are noth- 
ing more than the materials for a vast edifice, and their com- 
bination can not constitute the physical history of the world, 
whose exalted part it is to show the simultaneous action and 
the connecting links of the forces which pervade the universe. 
The distribution of organic types in difierent climates and at 
different elevations — that is to say, thd geography of giants 
and animals — differs as widely from botany and descriptive 
zoology as geology does from mineralogy, properly so called. 
The physical history of the universe must not, therefore, be 
confounded with the Encyclopedias of the Natural Sciences, 
as they have hitherto been compiled, and whose title is as 
vague as their limits are ill defined. In the work before us, 
partial faets will be considered only in relation to the whole. 
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The higher the point of view, the greater is the necessity for 
a systematic mode of treating the subject in language at once 
animated and picturesque. 

But thought and language have ever been most intimately 
allied. If language, by its originality of structure and its 
native richness, can, in its delineations, interpret thought with 
grace and clearness, and if, by its happy flexibility, it can paint 
with vivid truthfulness the objects of the external world, it 
reacts at the 'same time upon thought, and animates it, as it 
were, with the breath of life. It is this mutual reaction which 
makes words more than mere signs andforms of thought ; and 
the beneficent influence of a language is most strikingly man- 
ifested on its native soil, where it has sprung spontaneously 
from the minds of the people, whose character it embodies. 
Proud of a country that seeks to concentrate her strength in 
intellectual unity, the writer recalls with doHght the advant- 
ages he has enjoyed in being permitted to express his thoughts 
in his native language ; and truly happy is he who, in at- 
tempting to give a lucid exposition of the great phenomena of 
the universe, is able to draw from the depths of a language, 
which, through the free exercise of thought, and by the effu- 
sions of creative fancy, has for centuries past exercised so pow- 
erful an influence over the destinies of man. 



LIMITS AND METHOD OF EXPOSITION OF THE PHYSICAL DESCRIPTION 
OF THE UNIVERSE. 

I HAVE endeavored, in the preceding part of my work, to 
explain and illustrate, by various examples, how the enjoy- 
mients presented by the aspect of nature, varying as they do 
in the sources from whence they flow, may be multiplied and 
ennobled by an acquaintance with the connection of phenom- 
ena and the laws by which they are regulated. It remains, 
then, for me to examine the spirit of the method in which the 
exposition of the physical description of the universe should 
be conducted, and to indicate the limits of this science in ac- 
cordance with the views I have acquired in the course of my 
studies and travels in various parts of the earth. I trust I 
may flatter myself with a hope that a treatise of this nature 
will justify the title I have ventured to adopt for my work, 
and exonerate me from the reproach of a presumption that 
would be doubly reprehensible in a scientific discussion. 

Before entering upon the delineation of the partial phenom* 
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eta. which are found to be distnbuted in Yarious ^ups, I would 
consider a few general questions intimately connected together, 
and bearing upon the nature of our knowledge of the external 
world and its difierent relations, in all epochs of history and in 
all phases of intellectual advancement. Under this head will 
be. comprised the following considerations : 

1. The precise limits of the physical description of the uni- 
verse, considered as a distinct science. 

2. A brief enumeration of the totality of natural phenomena, 
presented under the form of a general delineation of nature. 

3. The influence of the external world on the imagination 
and feelings, which has acted in modern times as a powerful 
impulse toward the study of natural science, by giving anima- 
tion to the description of distant regions and to the deHneaticm 
of natural scenery, as far as it is characterized by vegetable 
physiognomy and by the cultivation of exotic plants, and their 
arrangement in well- contrasted groups. 

4. The history' of the contemplation of nature, or the pro- 
gressive development of the idea of the Cosmos, considered 
with reference to the historical and geographical facts that 
liave led to the discovery of the connection of phenomena^ 

The higher the point of view from which natural phenome- 
na may be considered, the more necessary it is to circumscribe 
the science vdthin its just limits, and to distinguish it from all 
other analogous or auxiliary studies. 

Physical cosmography is founded on the contemplation of all 
created things — all that exists in space, whether as substances 
or forces — that is, all the material beings that constitute the 
universe. The science which I would attempt to define pre- 
sents itself; therefore, to man, as the inhabitant of the earth, 
under a two-fold form — as the earth itself and the regions of 
space. It is with a view of showing the actual character and 
the independence of the study of physical cosmography, and at 
the same time indicating the nature of its relations to general 
physics, descriptive natural history, geology , and comparative 
geography, that I will pause for a few moments to consider 
that portion of the science of the Cosmos which concerns the 
earth. As the history of philosophy does not consist of a mere 
material enumeration of the philosophical views entertained 
in diiferent ages, neither should the physical description of the 
universe be a simple encyclopedic compilation of the sciences 
we have enumerated. The difficulty of defining the limits of 
intimately-connected studies has been increased, because for 
centories it has been customary to designate various brandies 
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of empirical kiiowledgo by tenns which admit either ot too 
wide or too limited a definition of the ideas which they were 
intended to convoy, and are, besides, objectionable from hay« 
ing had a dijfTerent signification in those classical langua^^ of 
antiquity firom which they have been borrowed. The terms 
physiology, physics, natural history, geology, and geography 
arose, and were commonly used, long before clear ideas were 
entertained of the diversity of objects embraced by these 
sciences, and consequently of their reciprocal limitation. Such 
is the influence of long habit upon language, that by one of 
the nations of Europe most advanced in civilization the word 
" physic** is applied to medicine, while in a society of justly 
deserved universal reputation, technical chemistry, geology, 
and astronomy (purely experimental sciences) are comprised 
under the head of *' Philosophical Transactions.** 

An attempt has often been made, and almost always in vain, 
to substitute new and more appropriate terms for these ancient 
designations, which, notwithstanding their undoubted vague- 
ness, are now generally understood. These changes have been 
proposed, for the most part, by those who have occupied them- 
selves with the general classification of the various branchw 
of knowledge, firom the first appearance of the great encyclo- 
pedia {Margarita FhMosophica) of Gregory Reisoh,* prior of 
the Chartreuse at Freiburg, toward the close of the fifteenth 
century, to Lord Bacon, and firom Bacon to D' Alembert ; and 
in recent times to an eminent physicist, Andr6 Marie Ampere. t 

* The Margarita Pkilotophica of Gregory Reisch, prior of the Char- 
trease at Freiburg, first appeared under the following title : ./Epitome 
omnis Pkihsopkia, alias Margarita PkHosophica, traetansde omni gtneri 
scibUi. The Heidelberg edition (1486), and that of Strasburg (1504), 
both bear this title, but the first part was suppressed in the Freiburg 
edition of the same year, as well as in the twelve subsequent editions, 
which succeeded one another, at short intervals, till 1535. This work 
exercised a great influence on the diffusion of mathematical and physic- 
al sciences toward the beginning of the sixteenth century, and Chasles, 
the learned author of VApergu Historique des MilhodcM en GiomHrie 
(1837), has showri the ^at importance of Reisch's Encyclopedia in 
the hjistory of mathematics in the Middle Ages. I have had recourse 
to a passage in the Hiargarita Philosophical found only in the edition 
of 1513, to elucidate the important question of the relatioQs between 
the statements of the geographer of Saint-Die, Hylaeomilus (Martin 
Waldseemtlller), the first who gave the name of America to the New 
Continent, and those of Amerigo Vespucci, Ren6^ Kins of Jerusalem 
and Duke of Lorraine, as also those contained in the celebrated editions 
of PU)lemy of 1513 and 1522. See my Examm Critique de la G€o- 
graphic du Nouveau Continent, et des Progris de VAstronomie Natdiqtta 
aux I5e etlGe Sticks, t. iv., p. 99-125. 

t Ampere, psai sur la Phil. 4e$ Sciences, 1834, p. 25. WheweU, 
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The selection of an inappropri^ite Greek ncmienclature lias per« 
haps been even more prejudicial to the last of these attempts 
than the injudicious use oi' binary divisions and the excessive 
multiplication of groups. 

The physical description of the world, considering the uni- 
verse as an object of the external senses, does undoubtedly re- 
quire the aid of general physics and of descriptive natural histo- 
ry, but the contemplation of all created things, which are linked 
together, and form one whole, animated by internal forces, gives 
to the science we are considering a peculiar character. Phys- 
ical science considers only the general properties of bodies ; it 
is the product of abstraction — a generalization of perceptible 
phenomena ; and even in the work in which were laid the 
first foundations of general physics, in the eight books on 
physics of Aristotle,* all the phenomena of nature are consid- 
ered as depending upon the primitive and vital action of one 
sole force, from which emanate all the movements of the uni- 
verse. The terrestrial portion of physical cosmography, for 
which I would willingly retain the expressive designation of 
physiccd geography, treats of the distribution of magnetism in 
our planet with relation to its intensity and direction, but does 
not enter into a consideration of the laws of attraction or re- 
pul^on of the poles, or the means of eliciting either permanent 
or transitory electro-magnetic currents. Physical geography 
depicts in broad outlines the even or irregular configuration of 
continents, the relations of superficial area, and the distribtttion 
of continental masses in the two hemispheres, a distribution 
which exercises a powerful influence on the diversity of climate 
and the meteorological modifications of the atmosphere ; this 
science defines the character of mountain chains, which, hav- 
ing been elevated at different epochs, constitute distinct sys- 
tems, whether they run in parallel lines or intersect one an- 
other ; determines the mean height of continents above the 
level of the sea, the position of the center of gravity of their 
volume, and the relation of the highest summits of mountain 
chains to the mean elevation of their crests, or to their prox- 
imity with the sea-shore. It depicts the eruptive rocks as 
principles of movement, acting upon the sedimentary rocks by 
traversing, upHftiug, and inclining them at various angles ; it 

Philosophy of the Inductive Sciences, vol. ii., p. 277. Park, Pantotogy, 
p. 87. 

* All changes in the physical world may be reduced to motion. 
Axistot., Phys, Ausc., iii., I and 4, p. 200, 201. Bekker, viii., 1, 8, and 
9, p. 230, 262, 265. i>e Gcwcre c< Coir., ii., 10, p. 336. Pseudo-Aris- 
|»t., De Muhdo, cap. vi., p. 398, 
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considers volcanoes either as isolated, or ranged in single or in 
double series, and extending their sphere of action to varioxu 
distances, either by raising long and narrow lines of rocks, or 
by means of circles of commotion, which expand or diminish 
in diameter in the course of ages. This terrestrial portion ot 
the science of the Cosmos describes the strife of the liquid ele- 
ment with the soHd land ; it indicates the features possessed 
in common by all great rivers in the upper and lower portion 
of their course, and in their mode of bifurcation when their 
basins are unclosed ; and shows us rivers breaking through 
the highest mountain chains, or following for a long time a 
course- parallel to them, either at their base, or at a consider- 
able distance, where the elevation of the strata of the mount- 
ain system and the direction of their inclination correspond 
to the configuration of the table-land. It is only the general 
results of comparative orography and hydrography that belong 
to the science whose true limits I am desirous of determining, 
and not the special enumeration of the greatest elevations of 
our globe, of active volcanoes, of rivers, and the number of 
their tributaries, these details falling rather within the domain 
of geography, properly so called. We would here only con- 
sider phenomena in their mutual connection, and in their re- 
lations to difierent zones of our planet, and to its physical con- 
stitution generally. The specialities both of inorganic and or- 
ganized matter, classed according to analogy of form and com- 
position, undoubtedly constitute a most interesting branch of 
study, but they appertain to a sphere of ideas having no affin- 
ity with the subject of this work. 

The description of different countries certainly furnishes us 
with the most important materials for the composition of a 
physical geography ; but the combination of these different 
descriptions, ranged in series, would as little give us a true 
image of the general conformation of the irregular surface of 
our globe, as a succession of all the floras of different regions 
would constitute that which I designate as a Geography of 
Plants. It is by subjecting isolated observations to the process 
of thought, and by combining and comparing them, that we 
are enabled to discover the relations existing in common be- 
tween the climatic distribution of beings and the individuality 
of organic forms (in the morphology or descriptive natural his- 
tory of plants and animals) ; and it is by induction that we 
are led to comprehend numerical laws, the proportion of nat- 
ural families to the whole number of species, and to designate 
the latitude or geographical position of the zones in whow 



Digitized by VjOOQ IC 



INTRODUCTION. 61 

plains e&ch organie form attains the maximum of its develop- 
ment. Considerations of this nature, by their tendency to 
generalization, impress a nobler character on the physical de- 
scription of the globe, and enable us to understand how the 
aspect of the scenery, that is to say, the impression produced 
upon the mind by the physiognomy of the vegetation, depends 
upon^he local distribution, the number, and the luxuriance of 
growth of the vegetable forms predominating in the general 
mass. The catalogues of organized beings, to which was for- 
merly given the pompous title of Systems of Nature, present 
us with an admirably connected arrangement by analogies of 
structure, either in the perfected developmwit of these beings, 
or in the different phases which, in accordance with the views 
of a spiral evolution, affect in vegetables the leaves, bracts^ 
ealyx, corolla, and fructifying organs ; and in animals, with 
more or less symmetrical regularity, the cellular and fibrous 
tissues, and their perfect or but obscurely developed articula- 
tions. But these pretended systems of nature, however ingen- 
ious their mode of classification may be,. do not show us or- 
ganic beings as they are distributed in groups throughout oux 
planet, according to their different relations of latitude and 
elevation above the level of the sea, and to climatic influences, 
which are owing to general and often very remote causes. 
The ultimate aim of physical geography is, however, as we 
have already said, to recognize unity in the vast diversity of 
phenomena, and by the exercise of thought and the combina- 
tion of observations, to discern the constanqy of phenomena 
in the midst of apparent changes. In the exposition of the 
terrestrial portion of the Cosmos, it will occasionally be neces- 
sary to descend to very special facts ; but this will only be in 
order to recall the connection existing between the actual dis- 
tribution of organic beings over the globe, and the laws of the 
ideal classification by natural families, analogy of internal or- 
ganization, and progressive evolution. 

It follows from these discussions on the limits of the various 
sciences, and more particularly from the distinction which must 
necessarily be made between descriptive botany (morphology 
of vegetables) and the geography of plants, that in the phys- 
ical, history of the globe, the innumerable multitude of organ- 
ized bodies which embellish creation are considered rather ac- 
cording to zones of hoMtation or stationSy and to differently 
inflected isothermal bands, than with reference to the princi- 
ples of gradation in the development of internal organism. 
Notwithstanding this, botany and zoology, which constitute 
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the descriptive natural history of all organized beings, are the 
fruitful sources whence we draw the materials necessary to 
give a solid basis to the study of the mutual relations and 
connection of phenomena. 

We will here subjoin one important observation by way of 
elucidating the connection of which we have spoken. The 
first general glance over the vegetation of a vast extent of a 
continent shows us forms the most dissimilar — GraminesB and 
Orchideae, Coniferse and oaks, in local approximation to one 
another ; while natural families and genera, instead of being 
locally associated, are dispersed as if by chance. This disper- 
sion is, however, cmly apparent. The physical description of 
the globe teaches us that vegetation every where presents nu- 
merically constant relations in the development of its forms 
and types ; that in the same climates, the species which are 
wanting in one country are replaced in a neighboring one by 
other species of the same family ; and that this law of substi- 
tutioHy which seems to depend upon some inherent mysteries 
of the organism, considered with reference to its origin, main- 
tains in contiguous regions a numerical relation between the 
species of various great families and the general mass of the 
phanerogamic plants constituting the two floras. We thus 
find a principle of unity and a primitive plan of distribution 
revealed in the multiplicity of the distinct organizations by 
which these regions are occupied ; and we also discover in 
each zone, and diversified according to the famihes of plants, 
a slow but continuous action on the aerial ocean, depending 
upon the influence of light-— the primary condition of all or- 
ganic vitality— ^n the solid and liquid surface of our planet. 
It might be said, in accordance with a beautiful expression of 
Lavoisier, that the ancient marvel of the myth of Prometheus 
was incessantly renewed before our eyes. 

If we extend the course which we have proposed, following 
in' the exposition of the physical description of the earth to the 
sidereal part of the science of the Cosmos, the delineation of 
the regions of space and the bodies by which they are occupied, 
we shall find our task simplified in no common degree. If, ac- 
cording to ancient but unphilosophical forms of nomenclature, 
we would distinguish between physics^ that is to say, general 
considerations on the essence of matter, and the forces by which 
it is actuated, and chemistry, which treats of the nature of 
substances, their elementary composition, and those attrac- 
tions that are not determined solely by the relations of mass, 
we must admit that the description of the earth comprises at 
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onoe physical and chemical actions. In addition to gravita- 
tion, which must be considered as a primitive force in nature, 
we observe thatattractions of another kind are at work around 
us, both in the interior of our planet and on its surface. These 
forces, to which we apply the term diemical affinity y act upon 
molecules in contact, or at infinitely minute distances from one 
another,* and which, being differently modified by electricity, 
heat, condensation in porous bodies, or by the contact of an 
intermediate substance, animate equally the inorganic world 
and animal and vegetable tissues. If we except the Small 
asteroids, which appear to us under the forms of aerolites and 
shooting stars, the regions of space have hitherto presented to 
our direct observation physical phenomena alone ; and in the 
case of these, we know only with certainty the effects depend- 
ing upon the quantitative relations of matter or the distribu- 
tion of masses. The phenomena of the regions of space may 
consequently be considered as influenced by simple dynamical 
laws — the laws of motion. 

The effects that may arise from the specific difference and 
the heterogeneous nature of matter have not hitherto entered 
into our calculations of the mechanism of the heavens. The 
only means by which the inhabitants of our planet can enter 
into relation with the matter contained within the regions of 
space, whether existing in scattered forms or united into large 
spheroids, is by the phenomena of light, the propagation of 
luminous waves, and by tlje influence universally exercised by 
the force of gravitation or the attraction of masses. The ex- 
istence of a periodical action of the sun and moon on the va- 
riations of terrestrial magnetism is even at the present day 
extremely problematical. We have no direct experimental 
knowledge regarding the properties and specific qualities of 
the masses circulating in space, or of the matter of which they 
are probably composed, if we except what may be derived from 
the fall of aerolites or meteoric stones, which, as we have al- 
ready observed, enter within the limits of our terrestrial sphere. 
It will be suflSioient here to remark, that the direction and the 
excessive velocity of projection (a velocity wholly planetary) 
manifested by these masses, render it more than probable that 

* On the question already discussed by Newton, regarding the differ- 
ence existing between the attraction of masses and molecular attraction, 
see Laplace, Exposition du SysUme du Monde, p. 384, and supplement 
to book X. of the Mecaniqve Cileste, p, 3, 4 ; Kant, Metaph. Anfangn- 
grftnde der Naturwissensckaff, 8dm. Werke, 1839, bd. v., s. 309 (Meta- 
physical Prineiplefl of the Natural Sciences) ; Pectet, Pkynquef 1838, 
VOL i., p. 59-63. 
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they are small celestial bodies, which, being attracted by our 
planet, are made to deviate from their original course, and thus 
reach the earth enveloped in vapors, and in a high state of 
actual incandescence. The familiar aspect of these asteroids, 
and the analogies v^rhich they present with the minerals com- 
posing the earth's crust, undoubtedly afibrd ample grounds for 
surprise ;* but, in my opinion, the only conclusion to be drawn 
from these facts is, that, in general^ planets and other sidereal 
masses, which, by the influence of a central body, have been 
agglomerated into rings of yapor, and subsequently into sphe- 
roids, being integrant parts of the same system, and having 
one common origin, may likewise be composed of substances 
chemically identical. Again, experiments with the pendulum, 
particularly those prosecuted with such rare precision by Bes- 
sel, confirm the Newtonian axiom, that bodies the most hete- 
rogeneous in their nature (as water, gold, quartz, granular 
limestone, and different masses of aerolites) experience a per- 
fectly similar degree of acceleration from the attraction of the 
earth. To the experiments of the pendulum may be added 
the proofs furnished by purely astronomical observations. The 
almost perfect identity of the mass of Jupiter, deduced from the 
influence exercised by this stupendous planet on its own satel- 
lites, on Encke's comet of short period, and on the small planets 
Vesta, Juno, Ceres, and Pallas, indicates with equal certain- 
ty that within the limits of actual obsCTvation attraction is 
determined solely by the quantity of matter. t 

This absence of any perceptible difierence in the nature of 
matter, alike proved by direct observation and theoretical de- 
ductions, imparts a high degree of simplicity to the mechanism 
of the heavens. The immeasurable extent of the regions of 
space being subjected to laws of motion alone, the sidereal 
portion of the science of the Cosmos is based on the pure and 
abundant source of mathematical astronomy, as is the terres- 
trial portion on physics, chemistry, and organic morphology ; 
but the domain of these three last-named sciences embraces 

* [The analysis of an aerolite which fell a few years since in Mary 
land, United States, and was examined by Professor Silliman, of New 
Haven, Coimecticut, ^ave the following results: Oxyd of iron, 24; ox- 
yd of nickel, 1-25 ; silica, with earthy matter, 3'46 ; sulphur, a trace 
=28-71. Dr. Manteirs Wonders of Geology, 1848, vol. i., p. 51.]— T'r. 

t Pojsson, ConnaUsances des Temps pour V Annie 1836, p. 64-66. 
Bessel, Poggendorf 's Annalen, bd. xxv., s. 417. Encke, Abhandlungen 
der Berliner Academie (Trans, of the Berlin Academy), 1826, s. 257, 
Mitscherlich, l,ehrbuch der C^c7»ie.(Manual of Chemistry), 1837, bd. i,, 
B. 352. 
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the consideration of phenomena which are so complicated, 
and have, up to the present time, been found so little suscep- 
tible of the application of rigoraus method, that the physical 
science of the earth can not boast of the same certainty and 
simplicity in the exposition of facts and their mutual connec- 
tion which characterize the celestial portion of the Cosmos. 
It is not improbable that the difference to which we allude 
may furnish an explanation of the cause which, in the earliest 
ages of intellectual culture among the Greeks, directed the 
natural philosophy of the Pythagoreans with more ardor to the 
heavenly bodies and the regions of space than to the earth 
and its productions, and how through Philolaiis, and subse- 
quently through the analogous views of Aristarchus of Samos, 
and of Seleucus of Erythrea, this science has been made more 
conducive to the attainment of a knowledge of the true system 
of the world than the natural philosophy of the Ionian school 
could ever be to the physical history of the earth. Giving but 
little attention to the properties and specific difierences of 
matter filling space, the great Italian school, in its Doric 
gravity, turned by preference toward aU that relates to meas- 
ure, to the form of bodies, and to the number and distances of 
the planets,* while the Ionian physicists directed their atten- 
tion to the qualities of matter, its true or supposed metamor- 
phoses, and to relations of origin. It was reserved for the 
powerful genius of Aristotle, alike profoundly speculative, and 
practical, to sound with equal success the depths of abstraction 
and the inexhaustible resources of vital activity pervading the 
material world. 

Several highly distinguished treatises on physical geography 
are prefaced by an introduction, whose purely astronomical 
sections are directed to the consideration of the earth in its 
planetary dependence, and as constituting a part of that great 
system which is animated by one central body, the sun. This 
course is diametrically opposed to the one which I propose 
following. In order adequately to estimate the dignity of the 
Cosmos, it is requisite that the sidereal portion, termed by 
Kant the natural history of the heavens, should not be made 
subordinate to the terrestrial. In the science of the Cosmos, 
according to the expression of Aristarchus of Samos, the pio- 
neer of the Copemican system, the sun, with its satellites, 
was nothing more than one of the innumerable stars by which 
space is occupied. The physical history of the world must, 
therefore, begin with the description of the heavenly bodies, 
* Compare Otfried MttUer'8 Dorien, bd. i., s. 365. 
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and with a geographical sketch of the universe, or, I would 
rather say, a true map of the world, such as was traced by 
the bold hand of the eider Herschel. If, notwithstanding the 
smallness of our planet, the most considerable space and the 
most attentive consideration be here afibrded to that which 
exclusively concerns it, this arises solely from the disproportion 
in the extent of our knowledge of that which is accessible and 
of that which is closed to our observation. This subordina- 
tion of the celestial to the terrestrial portion is met with in the 
great work of Bernard Varenius,* which appeared in the mid- 

* Geographia Oeneralis in qua affectione* generates telluris expli- 
cantur. The oldest Elzevir edition bears date 1650, the second 1672, 
and the third 1681 ; these were pablisfaed at Cambridge, under New* 
ton's supervision. This excellent work by Varenius is, in the true 
fiense of the words, a physical description of the earth. Since the work 
Historia Natural de la» Indian, 1590, in which the Jesuit Joseph de 
Acosta sketched in so masterly a manner the delineation of the New 
Continent, questions relating to the physical history of the earth liaya 
never been considered with such admirable generality. Acosta is rich- 
er in original observations, while Varenius embraces a w^ider circle of 
ideas, since his sojourn in Holland, which was at that period the center 
of vast commercial relations, had brought him iu contact with a great 
number of well-informed traveled. Qeneralit ttive UniversalU Geo^ 
graphia dicUur qua tellurem in genere cosisiderat aique affectione* e3> 
plicatt non hahita partictUarium regionum rcUione. The general de- 
scription of the earth by Varenius (Pars Absoluta, cap. i.-xxii.) may be 
considered as a treatise of comparative geography, if we adopt the term 
osed by the author himBelt {Geographia Cotnparativa, cap. xxxiii.'xl.), 
although this must be understood in a limited acceptation. We may 
cite the following among the most remarkable passages of this book : 
the enumeration of the systems of mountains ; the examination of the 
relations existing between their directions and the general form of con- 
tinents (p. 66, 76, ed. Cantab., 1681); a list of extinct volcanoes, and 
such as were still in a state of activity ; the discussion of facts relative 
to the general distribution of islands and archipelagoes (p. 220) ; the 
depth of the ocean relatively to the height of neighboring coasts (p. 103) ; 
the uniformity of level observed in all open seas (p. 97) ; the depend- 
ence of currents on the prevailing winds; the unequal saltnesa of the 
sea; the configuration of shores (p. 139); the direction of the winds as 
the result of differences of temperature, <fcc. We may further instance 
the remarkable considerations of Varenius regarding the equinoctial 
current from east to west, to which he^attributes the ori^n of thd Gulf 
Stream, beginning at Cape St. Au^ustin, and issuing forth between 
Cuba and Florida (p. 140). Nothmg can be more, accurate than his 
description of the current which skirts the western coast of Africa, be- 
tween Cape Verde and the island of Fernando Po in the Gulf of Guinea. 
Varenius explains the formation of sporadic islands by supposing them 
to be " the raised bottom of the sea :" magna spirituum indusorunt m, 
sicut aliquando mantes e terra protusos esse quidam scribunt (p. 225). 
The edition published by Newton in 1681 {auetior et emendatior) un- 
fortunately contains no additions from this great authority ; and there 
is not even mention made of the polar compression c^ the globe, al- 
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die oi the seventeenth century. He was the first to distinguiflh 
between general and special geography y the former of which 
he subdivides into an absolute, or, properly speaking, terres- 
trial part, and a relative or planetary portion, according to 
the mode of considering our planet ^ther with reference to its 
surface in its difierent zones, or to its relations to the sun and 
moon. It redounds to the glory of Varenius that his work on 
General and Comparative Geographa^ should in so high a 
degree have arrested the attention of Newton. The imper- 
fect state of many of the auxiliary sciences from which this 
"v^Titer was obliged to draw his materials prevented his work 
from corresponding to the greatness of the design, and it was 
reserved for the present age, and for my own coimtry, to see 
the delineation of comparative geography, drawn in its full 
extent, and in aU its relations with the history of man, by the 
skillM hand of Carl Ritter.* 

The enumeration of the most important results of the as- 
tronomical and physical sciences which in the history of the 
Cosmos radiate toward one common focus, may perhaps, to a 
eertain degree, justify the designation I have given to my 
work, and, considered within the circumscribed limits I have 
proposed to myself, the undertaking may be esteemed less ad- 
venturous than, the title. The introduction of new terms, es- 
pecially with reference to the general results of a science which 

though the experiments on the pendulum by Richer had been m^de 
nine years prior to the appearance of the Cambridge edition. Newton's 
Prineipia Afatkematica PhUosophite NaturiUis were not communicated 
in manuscript to the Royal Society until April, 1686. Much uoeer* 
tainty seems to prevail regarding the birth-place of Varenius. J«cher 
says it was England, while, according to La Biographie Universelle 
(b. xlvii., p. 495), he is stated to have been bom at Amsterdam; but 
it would appear, from the dedicatory address to the burgomaster of 
that city (see his Cheographia Comparaliva), that both suppositions are 
talse. Varenius expressly says that he had sought refuge in Amsterdam, 
'^because his native city had been burned aSd completely destrcxved 
during a long war," words which appear to apply to the north of Ger- 
many, and to the devastations of the Thirty Years' War. In his dedica- 
tion of another work, Descriptio r^gni Japoma (Amst., 1649), to the 
Senate of Hamburgh, Varenius says that he prosecuted his elementary 
mathematical stucSes in the gymnasium of that city. There is, there- 
fore, every reason to believe that this admirable geographer was a 
native of Germany, and was probably born at Luneburg ( Witten. Mem, 
Theol,, 1685, p. 2142 ; Zedler, Univertal Lexicon^ vol xlvi*, 1745, p, 
187). 

* Carl Hitter's Erdkunde hn Verhdltniss zur Natur und zur Oeschichte, 
des Menscken, oder allgemeine verglHchende Oeo graphic (Geography in 
relation to Nature and the History- of Man, or general Oomparatiye 
jGeograpby)* 
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ought to be accessible to all, bas always been greatly in oppo« 
eition to my own practice ; and whenever I have enlarged 
upon the established nomenclature, it has only been in the 
specialities of descriptive botany and zoology, where the in- 
troduction of hitherto unknown objects rendered new names 
necessary. The denominations of physical descriptions of the 
universe, or physical cosmography, which I use indiscrimin- 
ately, have been modeled upon those of physical descriptions 
of the earthy that is to say, physical geography, terms that 
have long been in common use. Descartes, whose genius was 
one of the most powerful manifested in any age, has left us a 
few fragments of a great work, which he intended publishing 
under the title of Monde, and for which he had prepared him- 
self by special studies, including even that of human anatomy. 
The imcommon, but definite expression of the science of the 
Cosmos recalls to the mind of the inhabitant of the earth that 
we are treating of a more widely-extended horizon — of the 
assemblage of all things with which space is filled, from the 
remotest nebulsB to the climatic distribution of those delicate 
tissues of vegetable matter which spread a variegated cover- 
ing over the surface of our rocks. 

The influence of narrow-minded views peculiar to the ear- 
lier ages of civilization led in all languages to a confusion of 
ideas in the synonymic use of the words ea/rth and world, . 
while the common expressions voyages round tJie world, map 
of the world, and new world, afibrd further illustrations of the 
same confusion. The more noble and precisely-defined ex- 
pressions of system of the world, the planetary world, and 
creation and age of the world, relate either to the totality of 
the substances by which space is filled, or to the origin of the 
whole universe. 

It was natural that, in the midst of the extreme variability 
of phenomena presented by the surface of our globe, and the 
aerial ocean by which it is surrounded, man should have been 
impressed by the aspect of the vault of heaven, and the uni- 
form and regular movements of the sun and planets. Thus 
the word Cosmos, which primitively, in the Homeric ages, in- 
dicated an idea of order and harmony, was subsequently adopt- 
ed in scientific language, where it was gradually applied to 
the order observed in the movements of the heavenly bodies, 
to the whole universe, and then finally to the world in which 
this harmony was reflected to us. According to the assertion 
of Philolaiis, whose fragmentary works have been so ably com- 
mented upon by Bockh, and conformably to the general testi- 
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mony of antiquity, Pythagoras was the first who used the 
word Cosmos to designate the order that reigns in the uni- 
verse, or entire world.* 

* KotTfioCi in the most ancient, and at the same time most precise, 
definition of the word, signified ornament (as an adornment for a man, 
a woman, or a horse) ; taken figuratively for e^ra^iay it implied the or- 
der or adornment of a discomrse. According to the testimony of all the 
ancients, it was Pythagoras who first used the word to designate the 
order in the universe, and the universe itself. Pythagoras left no writ- 
ings ; but ancient attestation to the truth of this assertion is to be found 
iii several passages of the fragmentary works of PhUolafis (Stob., Eclog., 
p. 360 and 460, Heeren), p. 62, 90, in BOckh's German edition. I do 
not, according to the example of Nake, cite Timseus of Locris, since his 
authenticity is doubtful. Plutarch (De plac, Phil., ii., 1) says, in the 
most express manner, that Pythagoras gave the name of Cosmos to the 
universe on account of the order which reigned throughout it ; so like- 
wise does Galen {Hist. Pkil.f p. 429). This word, together with its 
novel signification, passed from the schools of philosophy into the lan- 
guage of poel^ rind prose writers. Plato designates the heavenly bod- 
ies by the name of Uranus, but the order pervading the regions of space 
he too terms the Cosmos, and in his Timcsus (p. 30, b.) he says that the 
world is an animal endowed with a soul (Kdaftov ^tjov kfi'tffvxov). Com- 
j)are Anaxag. Claz., ed. Schaubach, p. Ill, and Plut. {De plac, Phil., 
li., 3), on spirit apart from matter, as the ordaining power of nature. 
In Aristotle {De CalOj 1, 9), Cosmos signifies " the universe and the 
order pervading it," but it is likewise considered as divided in space 
into two parts — the sublunary world, and the world above the moon. 
(^Meteor.y I., 2, 1, and I., 3, 13, p. 339, a, and 340, b, Bekk.) * The def- 
inition oif Cosmos, which I have already cited, is taken from Pseudo-Ar- 
istoteles de Mundo, cap. ii. (p. 391) ; the passage referred to is as fol- 
lo%v8 : Kdofiog earl oUaT^fia kg ovpavov kcu yjyf kgI ruv kv tovtoic nepie- 
XOfieviiv ^vaeov. Aiyerat 6k xal knipag k6c7m^ 7 rdv 67i.iiv rd^ig re Kal 
diaKoafiijat^y vnd i^ecjv re koI 6id ^eotf <j>v?.arT0fiivrj. Most of the pas- 
sages occurring in Greek writers on the word Cosmos may be found 
collected together in the controversy between Richard Bentley and 
Charles Boyle {Opnsculu Philological 1781, p. 347, 445; Dissertation 
upon the Epistles <k PhaLaris^ 1817, p. 254) ; on the historical existence 
of Zdeucus, legislator of Leucris, in Nake's excellent work, Sched. 
Crit., 1812, p. 9, 15; and, finally, in Thcophilus Schmidt, ad Cleom. 
Cycl. Theor., met. I., 1, p. ix., 1, and 99. Taken in a more limited 
sense, the word Cosmos is also used in the plural (Plut., 1, 5), either to 
designate the stars (Stob., 1, p. 514; Plut., 11, 13), or the innumerable 
systems scattered like iBlands through the immensity of space, and each 
composed of a sun and a moon. (Anax. Claz., Fragm., p. 89, 93, 120; 
Brandis, Oesch. der Qriechisch-Romischen Pkilosophie, b. i., s. 252 (His- 
tory of the Greco- Roman Philosophy). Each of these groups forming 
thus a Cosmos, the universe, rb irav, the word must be understood in a 
wider sense* (Plut., ii., 1).' It was not until long after the time of the 
Ptolemies that the word was applied to the earm. BOckh has made 
known inscriptions in praise of Trajan and Adrian ( Cor/?ti# Inscr. Qrac., 
1, n. 334 and 1036), in which KotTfioc occurs for olKovfievtf, in the same 
inaimer as we still use the term world to signify the earth alone. We 
have already mentioned the singular division of the regions of space 
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Firom the Itali&n school of philosophy, the expression pass- 
ed, in this signification, into the language of those early poets 

into three parts, the Olympus^ Cosmos^ and Oiiranos (Stob., i., p. 488 { 
Philolatis, p. 94, 202) ; this division applies to the different regions sar- 
rounding that mysterious focus of the uuiv«rse, the 'Eorla rot) vavr6^ 
of the Pythagoreans. In the fragmentary passage in which this divi- 
sion is found, the term Ounmos designates the innermost region, Bitu- 
ated between the moon and earth ; this ia the domain of changing 
things. The middle region, where the planets circulate in an invaria- 
ble and harmonious order, is, in accordance with the special concep- 
tions entertained of the universe, exclusively termed Co»mo§f while the 
word Olympus is used to express the eitterior or igneous reeion. Bopp, 
the profound philologist, has renaarked, that we may deduce, as Pott 
has done, Etymol. Fanchungen, th. i., s. 39 and 252 {Eiymol. Reaeareh- 
es), the word Koafioc from the Sanscrit root *tud*t purificarit by assum- 
ing two conditions; first, that the Greek k in Koofio^ comes from the 
palatial c, which Bopp represents by 's and Pott by ^ (in the same man- 
ner as dixa, decenif taihun in Gothic, comes from the Indian word dd' 
8an)f and, next, that the Indian d* corresponds, as a general rule, with 
the Greek 6 ( Verglekhende Ch-ammaiikj $ 99— ;Comparative Grammar), 
which shows the relation of Koofiog (for KoSfioQ) with the Sanscrit root 
'«u<2', whence is also derived Kddofte^. Another Indian term for the 
world is gagat (pronounced dsehagcU), which is, properly speaking, the 
present participle of the verb gagdmi (I go), the root of which is ga. 
In restricting ourselves to the circle of Hellenic etymologies, we mid 
{EtymoL M., p. 532, 12) that kSo/jloc is intimately associated with xa^, 
or rather with KaiwfKUy whence we have KSKaaft&tfOf or KCKaSfiSvo^. 
Welcker (Eine Kretiscke CoL in Theben, s. 23 — A Cretan Colony in 
Thebes) combines with this the name Kddfio^, as in Hesychius xadfioc 
signifies a Cretan suit of arms. When the scientific language of Greece 
was introduced among the Romans, the word mundus, which at first had 
onl^ the primary meaning of Koofio^ (female ornament), was applied to 
designate the entire universe. Ennius seems to have been, the first 
who ventured upon this innovation. In one of the fragments of this 
poet, preserved by Macrobius, on the occasion of his quarrel with Vir- 
gilj we find the word used in its novel mode of acceptation : " Mundiu 
cceii vastus constUit silentio" (Sat., vi., 2). Cicero alsosays, **Qu€m no$ 
lucerUem mundum vocamus" (Timaeus, S. de Univer.j cap. x.). The 
Sanscrit root mand, from which Pott derives the Latin mvndus {Etym, 
Forsch.^ th. i.,s. 240), combines the double signification of shining and 
adorning. Loka designates in Sanscrit the world and people in general, 
in the same manner as the French word mande, and is derived, accord- 
ing to Bopp, from Idk (to see and shine) ; it is the same with the Scla- 
vonic root swjety which means both light and world. (Grimm, Deutsche 
Gramm.j b. iii., s. 394 — German Grammar.) The word welty which 
the Germans make use of at the present day, and which was weraU in 
old German, worold in old Saxon, and vBruld in Anglo-Saxon, w£i8, ac- 
cording to James Grimm's interpretation, a period of time, an age («<©• 
culum)y rather than a term used for the vrarld in space. The Etruscans 
figured to themselves mundus as an inverted dome, symmetrically op- 
posed to the celestial vault (Otfried MUiller's Etrusken, th. ii., s. 96, 
&c,). Taken in a still more limited sense, the word appears to have 
signified among the Goths the terrestrial surface girded by seas (mareif 
in«r<), the merigard, literally, garden of seas* 
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of nature, Farmenides and Empedocles, and from thence into 
the works of prose writers. We will not here enter into a 
discussion of the manner in which, according to the Pythago- 
rean views, Philolaiis distinguishes between Olympus, Uranus, 
or the heavens, and Cosmos, or how the same word, used in 
a plural sense, could be apphed to certain heavenly bodies 
(the jJanets) revolving roimd one central focus of the world, 
OT to groups of stars. In this work I use the word Cosmos in 
conformity with the Hellenic usage of the term subsequently 
to the time of Pythagoras, and in accordance with the precise 
definition given of it in the treatise entitled De Mundo^ which 
was long erroneously attributed to Aristotle. It is the assem- 
blage of all things in heaven and earth, the universahty of 
created things constituting the perceptible world. If scientific 
terms had not long been diverted from their true verbal sig- 
nification, the present work ought rather to have borne the 
title of Cosmograpky, divided into Uranograjphy and Geog- 
rwph/y. The Romans, in their feeble essays on philosophy, 
imitated the Greeks by applying to the universe the term 
mundus, which, in its primary meaning, indicated nothing 
more than ornament, and did not even imply order or regu- 
larity in the disposition of parts. It is probable that the in- 
troduction into the language of Latium of this technical term 
as an equivalent for Cosmos, in its double signification, is due 
to Ennius,* who was a follower of the Italian school, and the 
translator of the writings of Epicharmus and some of his pu- 
pils (Ml the Pythagorean philosophy. 

We would first distinguish between the physical history and 
the physical description of the world. The former, conceived 
in the most general sense of the word, ought, if materials for 
writing it existed, to trace the variations experienced by the 
universe in the course of ages from the new stars which have 
suddenly appeared and disappeared in the vault of heaven, 
from nebulsB dissolving or condensing — ^to the first stratum of 
cryptogamic vegetation on the still imperfectly cooled surface 
of the earth, or on a reef of coral uplifted from the depths of 
ocean. The physical description of the world presents a pic- 
ture of all that exists in space—of the simultaneous action of 

* See, on Eonius, the ingenioas researches of Leopold Krahner, in 
his Grundlinien zur Oetchiehie des Verfalh der Rdini9cJien Staais-Reli 
giouj 1837, 8. 41-45 (Outlines of the History of the Decay of the JQstab- 
fished Religion among the Romans). In all probability, Enoius did not 
quote from writings of Epicharmus himself, bat from poems composed 
in the name of that philosopher, and in accordance with his views. 
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natural forces, together with the phenomena which they pro- 
duce. 

But if we would correctly comprehend nature, we must not 
entirely or ahsolutely separate the consideration of the present 
state of things from that of the successive phases through 
which they have passed. We can not form a just conception 
of their nature without looking back on the mode of their for- 
mation. It is not organic matter alone that is continually un- 
dergoing change, and being dissolved to form new combina- 
tions. The globe itself reveals at every phase of its existence 
the mystery of its former conditions. 

We can not survey the crust of our planet without recog- 
nizing the traces of the prior existence and destruction of an 
organic world. The sedimentary rocks present a succession 
of organic forms, associated in groups, which have successive- 
ly displaced and succeeded each other. The different super- 
imposed strata thus display to us the faunas and floras of dif- 
ferent epochs. In this sense the description of nature is inti- 
mately connected with its history ; and the geologist, who is 
guided by the connection existing among the facts observed, 
can not form a conception of the present without pursuing, 
through countless ages, the history of the past. In tracing 
the physical delineation of the globe, we behold the present 
and the past reciprocally incorporated, as it were, with one 
another ; for the domain of nature is like that of languages, in 
which etymological research reveals a successive development, 
by showing us the primary condition of an idiom reflected in 
the forms of speech in use at the present day. The study of 
the material world renders this reflection of the past peculiar- 
ly manifest, by displaying in the process of formation rocks of 
eruption and sedimentary strata similar to those of former 
ages. If I may be allowed to borrow a striking illustration 
from the geological relations by which the physiognomy of a 
country is determined, I would say that domes of trachjrte, 
cones of basalt, lava streams (coidSes) of amygdaloid with 
elongated and parallel pores, and white deposits of pumice, 
intermixed with black scoriaB, animate the scenery by the as- 
sociations of the past which they awaken, acting upon the 
imagination of the enlightened observer like traditional records 
of an earlier world. Their form is their history. 

The sense in which the Greeks and Romans originally em- 
ployed the word history proves that they too were intimately 
convinced that, to form a complete idea of the present state 
of the universe, it was necessary to consider it in its successive 
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phases: It is not, however, in the definition given hy Vale- 
rins Flaccus,* but in the zoological writings of Aristotle, that 
the word history presents itself as an exposition of the results 
of experience and obs^r^ration. The j^ysioal description of 
the word by Pliny the elder bears the title of Natural JERS' 
tory, while in the letters of his nephew it is designated by the 
nobler tenn of History of Nature. The earlier Greek hie- 
torians did not separate the descriptions of countries from the 
narrative of events of which they had been the theater. With 
these writers,' physical geography and history were long inti- 
mately associated, and remained simply but elegantly blended 
until the p«riod of the development of political interests, when 
the agitation in which the lives of men were passed caused 
the geographical portion to be banished from the hist<»y of 
nations, and raised into an independent science. 

It remains to be considered whether, by the operation of 
thought, we may hope to reduce the immense diversity of 
phenomena comprised by the Cosmos to the unity of a princi- 
ple, and the evidence afforded by rational truths. In the 
present state of empirical knowledge, wd can scarcely flatter 
ourselves with such a hope. Experimental sciences, based 
on the observation of the external world, can not aspire to 
completeness ; the nature of things, and the imperfection of 
our organs, are alike opposed to it. We shall never succeed 
in exhausting the immeasurable riches of nature ; and no gen- 
eration of men will ever have cause to boast of having com- 
prehended the total aggregation of phenomena. It is only by 
distributing them into groups that we have been able, in the 
case of a few, to discover the empire of certain natural laws, 
^and and simple as nature itself. The extent of this empire 
will no doubt increase in proportion as physical sciences are 
more perfectly developed. Striking proofs of this advance- 
ment have been made manifest in our owii day, in the phe- 
nomena of electro-magnetism, the propagation of luminous 
waves and radiating heat. In the same manner, the frttitful 
doctrine of evolution shows us how, in organic development, 
all that is formed is sketched out beforehand, and how the 
tissues of vegetable and animal matter uniformly arise from 
tlie multiplication and transformation of cells. 

The generalization of laws, which, being at first bounded 

by narrow limits, had been applied solely to isolated groups 

of phenomena, acquires in time more marked gradations, and 

gains in extent and certainty as long as the process of reason* 

* Aul. Gell., Nocti AU., v., 18. ' 

Vol. I— D 
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xDg is applied strictly to analogous phenomena ; bnt as soon 
as dynamical views prove insufficient where the speoifie prop- 
erties and heterogeneous nature of matter come into play, it is 
to be feared that, by persisting in the pursuit df laws, we may 
jBnd our course suddenly arrested by an invpassable chasm. 
The principle of unity is lost sight of, and the guiding dew 
is rent asunder whenever any specific and peculiar land of 
action manifests itself amid the active forces of nature. The 
law of equivalents and the numerical proportions of composi- 
tion, so happily recognized by modem chemists, and proclaimed 
under the ancient form of atomic symbols, still remains isda* 
ted and independent of mathematical laws of motion and grav« 
itation. 

Those productions of nature which are objects of direct ob« 
servation may be logically distributed In classes, orders, and. 
families. This form o£ distribution undoubtedly sheds some 
light on descriptive natural history, but the study of organized 
bodies, considered in their linear connection, although it may 
impart a greater d^ree of unity and simplicity to the distri? 
bution of groups, can not rise to the height of a classification 
based on one sole principle of composition and internal organ- 
ization. As difierent gradations are presented By the laws 
of nature according to the extent of the horizon, or the limits 
of the phenomena to be considered, So there are likewise dif- 
ferently graduated phases in the investigation of the external 
world. Empiricism originates in isolated views, which are 
subsequently grouped according to their analogy or dissimilar* 
ity. To direct observation succeeds, although long afterward, 
. the wish to prosecute experiments ; that is to say, to evoke 
phenomena under diiSerent determined conditions. The ra- 
tional experimentalist does not proceed at hazard, but acts 
ynder the guidance of hypotheses, founded on a half indistinct 
and more or less just intuition of the connection existing ajnong 
natural objects or forces. That which has been conquered 
by observation or by means of experiments, leads, by analysis 
and induction, to the discovery of empirical laws. These are 
the phases in human intellect that have marked the diHerent 
epochs in the life of nations, and by means of which that great 
mass of facts has been accumulated which constitutes at the 
present day the solid basis of the natural sciences. 

Two forms of abstraction conjointly regulate our knowl- 
edge, narnely, relations of quantity, comprising ideas of num- 
ber and size, and relations of qiudity, embracing the consider- 
ation of the specific properties and the heterogeneous nature 
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of matter. The former, as being more accessible to the exer^ 
cise oi^hought, appertains to mathematics ; the latter, firom 
its apparent mysteries and greater difficulties, falls under the 
domain o£ the chemical sci^aoes. In order to submit phe* 
nomena to calculation, recourse is had to a hypothetieal con* 
strudtion of matter by a combination of molecules and atoms, 
whose number, form, positicm, and polarity determine, modify, 
or vary phenomwia. 

The mythical ideajB long entertained of the imponderable 
substances and vital forces peculiar to each mode of organiza* 
tion, have complicated our vieiM generally, and shed an un- 
ecQrtain light on the path we ought to pursue. 

The most various forms of intuition have thus, age after 
age, aided in augmenting the prodigious maas of empirical 
knowledge, which in our own day has bem enlarged with 
ever-increasing rapidity. The investigating spirit of man 
strives from time to time, with varying success, to break 
through those ancient forms and symbols invented, to subject 
lebellious matter, to rules of mechanical oonsfraction. 

We are still very far from the time whoa, it will be possir 
ble for us to reduce, by the operation of thought, all that we 
perceive by the senses, to the unity of a rational principle. 
It may even be doubted if such a victory could ever be 
2Lohieved in the field of natural philosophy. The compUca- 
tion of phenomena, and the vast extent of the Cosmos^ would 
seem to oppose suoh a result ; but even a partial sdutuHi of 
the problem — the tendency toward a comprebensioa of the 
phenomena of the universe — wiU not the less remain the eter« 
ual and sublime aim of every investigation of nature. 

In conformity with the character of my former writings, as 
well as with the labors in which I have been engaged during^ 
my scientific career, in measurements, experiments, and. the 
investigation of facts, I limit myself to the domain of empirical 
ideas. 

The exposition of mutually connected facts does not exclude 
the classification of phenomena according to their rational con-' 
nection, the generalization of many specialities in the great 
mass of observations, or the attempt to discover laws. Con- 
ceptions of the universe solely based upon reason, and the 
principles of speculative philosophy, would no doubt assign a 
still more exalted aim to the sciemoa of the Cosmos. I am far 
ficom blaming the efibrts of others solely because their success 
has hitherto remained very doubtful. Contrary to the wishes 
and counsels of those profound and powerful thinken^ who 
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Imve given new life to speculationB which were abready fa* 
miliar to the ancients, systems of natural philosophy ftve in 
our own country for some time past turned aside the minds 
of men from the graver study of mathematical and physical 
sciences. The abuse of better powers, which has led many 
of our noble but ill-judging youth into the saturnalia of a pure* 
ly ideal, science of nature, has been signalized by the intoxica- 
tion of pretended conquests, by a novel and fantastically sym* 
bolioal phraseology, and by a predilection for the fonnuliB of 
a scholastic rationalism, more contracted in its views than 
* any known to the Middle Ages. I use the expression *' abate 
of better powers,*' because superior intellects devoted to phfl- 
cfiophical pursuits and experimental sciences have remained 
strangers to these satumaHa. The results yielded by an earn- 
est investigation in the path <^ experiment can not be at va- 
riance with a true philosoj^y of nature. If there be any 
QontradicticHi, the fault must lie either in the unsoundness of 
speculation, or in the exaggerated pretensions of CTQpiricism, 
which thinks that more is proved by experiment tlum is act- 
ually derivable from it. 

External nature may be opposed to the intellectual world, 
as if the latter were not comprised vidthin the limits of the 
former, or nature may be opposed to art when the latter is 
defined as a manifestation of the intellectual power of man ; 
but these contrasts, which we find reflected in the most cul- 
tivated languages, must not lead us to separate the sphere of 
nature from that of ^nd, since such a separation would re- 
duce the physical science of the world to a mere aggregation 
of empirical specialities. Science does not present itself to 
man until mind conquers matter in striving to subject the 
result of experimental investigation to rational combinations. 
Science is the labor of mind applied to nature, but the ex- 
ternal world has no real existence for us beyond the image 
reflected within ourselves through the medium of the senses. 
As intelligence and forms of speech, thought and its verbal 
symbols, axe united by secret and indissoluble links, so does 
the external world blend almost unconsciously to ourselves 
with our ideas and feelings. ♦* External phenomena," says 
Hegel, in his Philosophy of History, " are in eome degree 
translated in our inner representations. ' ' The objective world, 
conceived and reflected within us by thought, is subjected to 
the eternal and necessary conditions of our intellectual being. 
The activity of the mind exercises itself on the elements fm- 
nished to it by the perceptions of the smses. Thus, in the 
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-early ageei of znaaikind, there mani&sta itself in the iimple ia- 
tuition of nataral facts, and in the efiorts made to compre- 
h^id them, the germ of the philosophy of nature. These 
ideal tendencies vary, and are more or less powerful, accord- 
ing to the individual characteristics and moral dispositions of 
naticHis, and to the deg^rees of their mental culture, whether 
attained amid scenes cf nature that excite or chill the imag- 
ination. 

History has preserved the record of the numerous attempts 
that have been made to form a rational conception of the 
whole world of phenomena, and to recognize in tibe uzdverse 
the action of one sole active force by which matter is pene- 
trated, transformed, and animated. These attempts are traced 
in classical antiquity in those treatises cm the principles of 
things which emanated ^m the Ionian school, and ia which 
all &e phenomena of nature were subjected to hazardous 
speculations, based upon a small number of observations. By 
degrees, as the influence of great historical events has favored 
the development of every branch of science supported by ob- 
servation, that ardor has cooled which formerly led men to 
seek the essential nature and connection of things by ideal 
construction and in purely rational principles. In recent 
times, the mathematical portion of natural philosophy has 
been most remarkably and admirably enlarged. The method 
and the instrument (analysis) have been simultaneously per- 
fected. That which has been acquired by means so difi^rent 
— ^by the ingenious application of atomic suppositions, by the 
more general and intimate study of phenomena, and by the 
improved construction of new apparatus — ^is the coiilmon prop- 
erty of mankind, and should not, in out opinion, now, more 
than in ancient times, be withdrawn from the free exercise of 
speculative thought. 

It can not be denied that in this process of thought the 
results of experiMice have had to contend with many disad- 
vantages ; we must not, therefore, be surprised if, in the per- 
petual vicissitude of theoretical views, as is ingeniously ex- 
pressed by the author of Giordano Bruno,* " most men see 
nothing in philosophy but a succession of passing meteors, 
while even the grander forms in which she has revealed her- 
self share the fate of comets, bodies that do not rank in pop- 
ular opinion among the eternal and permanent works oi na- 

* Schelling^s Bruno, Ueber das QoUliche und NatHralicke Prmcip, 
der DingCf $ 181 (Brano, on the Divine and Natural Principle of 
Things), 
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tare, but are regarded as mere fugitive apparitions of igneous 
▼apor." We would here remark that the abuse of thought, 
and the false traok it too often pursues, ought not to sanction 
an opinion derogatory to intellect, which would imply that 
the domain of mind is essentially a world of vague fantastic 
illusions, and that the treasures accumulated by laborious ob- 
servations in philosophy are powers hostile to its own empire.' 
It does not become the spirit which characterizes the presmt 
age distrustfully to reject every generalization of views and 
every attempt to examine into the nature of things by the 
process of reason and induction. It would be a denial of the 
dignity of human nature and the relative importance of the 
faculties with which we are endowed, were we to condenm 
at one time austere reason engaged in investigating causes 
and their mutual connections, and at another that exercise of 
the imagination which prompts and excites discoveries by its 
creative powers. 
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DELINEATION OF NATURE. GENERAL REVIEW OF 
NATURAL PHENOMENA. 

When the human mind first attempts to subject to its con^ 
-trol the world of physical phenomena, and strives by medita- 
tive Gotttehiplation to penetrate the rich luxuriance of living 
nature, and the mingled web of free and restricted natural 
forces, man feels himself raised to a height from whence, as 
he embraces the vast horizon, individual things blend together 
in varied groups, and appear as if shrouded in a vapory vail. 
These figurative expressions are used in order to illustrate the 
point of view from whence we would consider the universe 
both in it» celestial an^ terrestrial sphere. I am not insen- 
sible of the boldness of such an undertaking. Among all the 
forms of exposition to which these pages are devoted, there 
is none more difficult than the general delineation of nature, 
which we purpose sketching, since we must not allow our- 
selves to be overpowered by a sense of the stupendous rich- 
ness and variety of the forms presented to us, but must dwell 
oidy on the consideration of masses either possessing actual 
magnitude, or borrowing its semblance from the associations 
awakened within the subjective sphere of ideas. It is by a 
separation and classification of phenomena, by an intuitive in- 
Kght into the play of obscure forces, and by animated expres- 
sions, in which the perceptible spectacle is reflected with vivid 
truthfulness, that we may hope to comprehend and describe 
the univ^scd aU (rd Trdv) in a manner worthy of the dignity 
^f the word Cosmos in its signification of universey order of 
the taorldy and adornment of this universal order. May the 
immeasurable diversity of phenomena which crowd into the 
picture of nature in no way detract from that harmonious im- 
pression of rest and unity which is the ultimate object of every 
literary or purely arttstical composition. 

Beginning with the depths of space and the regions of re- 
motest nebules, we will gradually descend through the starry 
zone to which our solar system belongs, to our own terrestrial 
fipheroid^ circled by air and ocean, th^ce to direct our atten* 
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tion to its fonn, teznperatuie, and magnetic tension, and to 
consider the fullness of organic life uiSblding itself upon its 
surface beneath the vivifying influence of light. In this man- 
ner a picture of the world may, with a few strokes, be made 
to include the realms of infinity no less than the minute mi- 
croscopic animal and vegetable organisms which exist in stand* 
ing waters and on the weather-beaten surface of our rocks. 
All that can be perceived by the senses, and all that has been 
accumulated up to the present day by an attentive and vari- 
ously directed study of nature, constitute the materials from 
which this representation is to be drawut whose oluuraoter is 
an evidence of its fidelity and truth. But the descriptive pic- 
ture of nature which we purpose drawing must nift enter too 
fully into detail, since a xxiinute enumeration of all vital forms, 
natural objects, and processes is not requisite to the complete- 
ness of the undertakmg. The delineator of nature must re- 
sist the tendency toward aidless division, in order to avoid 
the dangers presented by the very abundanoe of our empirical 
knowledge. A considerable portion of the qualitative proper- 
ties of matter — or, to speak more in Accordance vidth the lan- 
guage of natural philosophy, of the qualitative expression of 
forces — is doubtlessly still unknown to us, and the attempt 
perfectly to represent unity in diversity must therefore neees- 
sarily prove unsuccessful. Thus, besides the pleasure derived 
from acquired knowledge, there lurks in the mind of man, 
and tinged with a shade of sadness, an unsatisfied longing for 
something beyond the present — a striving toward regions yet 
unknown and imopened. Such a sense of longing binds still 
faster the links which, in accordance with the supreme laws 
of our being, connect the material with the ideal world, and 
animates the mysterious relation existing between that which 
the mind receives from without, and that which it reflects 
from its own depths to the external world. If^ then, nature 
(understanding by the term all natural objects and phenomena) 
be illimitable in extent and contents, it likewise presents it- 
Btlf to the human intellect as a problem which can not be 
grasped, and whose solution is impossible, since it requires a 
knowledge of the combined action of all natural :forces. Such 
an acknowledgment is due where the actual state and pro* 
spective development of phenomena constitute the sole objects 
pf direct investigation, which does not venture to depart from 
the strict rules of induction. But, although the incessant ef- 
fort to embrace* nature in its universality may remiun unsatis- 
fied, the history of the contemplation of the universe (whic)i 
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will be considered in anotker part of this work) will teaeh us 
how, m the course of ages, mankind has gradually attained 
to a partial insight into the relative dependence of phenomena. 
My duty is to depict the results of our knowledge in. all their 
bearings with reference to the present. In all &at is subject 
to motion and change in space, the ultimate aim, the very ex- 
pression of physical laws, depend upon fnean numerical vcdties, 
wtiich show us the constant amid change, and the stable amid 
apparent fluctuations of phenomena. Thus the progress of 
modern physical science is especially characterized by the at* 
tainment and the rectification of the mean values of certain 
quantities by means of the processes of weighing and meas- 
urii^ ; and it may be said, that the only remaining and wide^ 
ly-diffused hieroglyphic characters still in our writing^-^-m^m- 
^s«~appear to us again, as powers of the Cosmos, although 
in a wider sense than that applied to them by the Italian 
School. 

The earnest investigator delights in the simplicity of nu- 
merical relations, indicating the dimensions of the celestial 
regions, the magnitudes and periodical disturbances of the 
heavenly bodies, the triple elements of terrestrial magnetian, 
the mean pressure of the atmosphere, and the quantity of heat 
which the sun imparts in each year, and in every season of the 
year, to all points of the solid and liquid surface of our planet. 
These sources of enjoyment do not, however, satirfy the poet 
of Nature, or the mind of .the inquiring many. To both of 
these the present state of science appears as a blank, now that 
she »iswer8 doubtingly, or wholly rejects as unanswerable, 
questions to which former ages deemed they could furnish 
satisfactory replies. In her severer aspect, and clothed with 
lees luxuriance, she shows herself deprived of that seductive 
charm with which a dogmatizing and symbolizing physical 
philosophy knew how to deceive the understanding and give 
the rein to imagination. Long before the discovery of the 
New World, it was believed that new lands in the Far West 
might be seen from the shores of the Canaries and the Azores. 
These illusive images were owing, not to any extraordinary 
refraction of the rays of light, but produced by an eager long- 
ing for the distant and the unattained. The philosophy of 
the Greeks, the physical views of the Middle Ages, and eveii 
those of a more recent period, have been eminently imbtied 
with the charm springing from similar illusive phantoms of 
■the imagination. At the limits of circumsoribed knowledge, 
a» from some lofty island shore, the eye delights to penetrate 
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to distant regions. The belief in the nncom'mon and the Won* 
derfhl lends a definite outline to every manifestation of ideal 
creation ; and the realm of fancy — a fairy-land of cosmolog- 
ical, geognostical, and magnetic visions — becomes thus invol- 
nntarily blended with the domain of reality. 

Nature, in the manifold signification of the word — ^whether 
considered as the universality of all that is and ever will be — 
as the inner moving force of all phenomena, or as their mys* 
terious prototype — ^reveals itself to the simple mind and feel- 
ings of man as something earthly, and closely allied to him- 
self. It is only within the animated circles of organic struc- 
ture that we feel ourselves peculiarly at home. Thus, 
wherever the earth unfolds her fruits and flowers, and gives 
food to countless tribes of animals, there the image of nature 
impresses itsdf most vividly upon our senses. The impression 
thus produced upon our minds Hmits itself almost exclusively 
to the reflection of the earthly. The starry vault and the 
wide expanse of the heavens belong to a picture of the uni- 
verse, in which the magnitude of masses, the number of con- 
gregated suns and faintly ghmmering nebulse, although they 
excite our wonder and astonishment, manifest themselves to 
us in apparent isolation, and as utterly devoid of all evidence 
of their being the scenes of organic life. Thus, even in the 
earliest physical views of mankind, heaven and earth have 
been separated and opposed to one another as an upper and 
lower portion of space. If, then, a picture of nature were to 
correspond to the requirements of contemplation by the senses, 
it ought to begin with a delineation of our native earth. It 
should depiet, first, the terrestrial planet as to its size and 
form ; its increasing density and heat at increasing depths in 
its superimposed solid and liquid strata ; the separation of sea 
and land, and the vital forms animating both, developed in 
the cellular tissues of plants and animals ; the atmospheric 
ocean, with its waves and currents, through which pierce the 
forest-erowned summits of our mountain chains. After this 
delineation of purely telluric relations, the eye would rise to 
the celestial regions, and the Earth would then, as the well- 
known seat of organic development, be considered as a planet, 
occupying a place in the series of those heavenly bodies which 
circle round one of the innumerable host of self-luminous stars. 
This succession of ideas indicates the course pursued in the 
earliest stages of perceptive contemplation, and reminds us of 
the ancient conception of the " sea-girt disk of earth," sup- 
porting the yanlt of heaven. It begins to exercise its actioii 



Digitized by VjOOQ IC 



CELESTIAL PHENOMENA. B3 

at the spot where it originated, and passes from the consider- 
ution of the known to the unknown, of the near to the distant. 
It correi^nds with the method pursued in our elementary 
works on astronomy (and whieh is so admirable in a mathe- 
matical point of view), of proceeding from the apparent to the 
real movements of the heavenly bodies. 

Another course of ideas must, however, be pursued in a 
work which proposes merely to give an exposition of what is 
known — of what may in the present state of our knowledge 
be regarded as certain, or as merely probable in a greater or 
lesser degree — and does not enter into a consideration of the 
proofs on which such results have been based. Here, there- 
fore, we do not proceed from the subjective point of view of 
human interests. The terrestrial must be treated only as a 
■part, subject to the whole. The view of nature ought to be 
grand and free, uninfluenced by motives of proximity, social 
sympathy, or relative utility. A physical cosmography — a 
picture of the universe — does not begin, therefore, with the 
terrestrial, but with that whieh fills the regions of space. But 
OB the sphere of contemplation contracts in dimension our per- 
ception of the richness of individual parts, the fullness of phys- 
ical phenomena, and of the heterogeneous properties of mat^ 
ter becomes enlarged. From the regions in which we rec- 
ognize only the dominion of the laws of attraction, we de- 
scend to our own planet, and to the intricate play of teirestrial 
ferces. The method here described for the delineation of na- 
ture is opposed to that which must be pursued in establish- 
ing conclusive results. The one enumerates what the other 
demonstrates. 

Man learns to know the external world through the organs 
of the senses. Phenomena of light proclaim the existence of 
matter in remotest space, and the eye is thus made the me- 
dium through which we may contemplate the universe. The 
discovery of telescopic vision more than two centuries ago, has 
transmitted to latest generations a power whose limits are as 
yet unattained. 

The first and most general consideration in the Cosmos ia 
that of the contents of space — ^the distribution of matter, or 
of creation, as we are wont to designate the assemblage of all 
that is and ever will be developed. We see matter either 
agglomerated into rotating, revolving spheres of different dens- 
ity and size, or scattered through space in the form of selfr 
luminous vapor. If we consider first the cosmical vapor dis- 
persed in definite nebulous spots, its state of aggregation will 
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appear constaotly to varyr sometimes appeafLng separated into 
round or elliptical disks, single or in pairs, occasionajly con- 
nected by a thread of light ; while, at another time, these 
nebulsB occur in ionaa of larger dimensions, and are either 
elongated, or variously branched, or fan-shaped, or appear like 
-well-defined rings, inclosing a dark interior. It is conjectured 
that these bodies are undergoing variously developed formative 
processes, as the cosmical vapor becomes condensed in ccm- 
formity with the laws of attraction, either round one or more 
of the nuclei. Between two and three thousand of such un- 
resolvable nebulae, in which the most powerful telescopes-have 
hitherto been unable to distinguish the presence of stars, have 
been counted, and their positions determined. 

The genetic evolution — ^that perpetual state of development 
which seems to affect this portion of the regions of space- 
has led philosophical observers to the discovery of the ai^alogy 
existing among organic phenomena. As in our forests we see 
the same kind of tree in all the various stages of its growth, 
and are thus enabled to form an idea of progressive, vital de- 
velopment, so do we also, in the great garden of the universe, 
recognize the most different phases of sidereal formation. The 
process of condensation, which formed a part of the doctrines 
of Anaximenes and of the Ionian School, appears to be going 
on before our eyes. This subject of investigation and conject- 
ure is especially attractive to the imagination, for in the study 
of the animated circles of nature, and of the action of all the 
moving forces of the universe, the charm that exercises the 
most powerM influence on the mind is derived less from k 
knowledge of that which is than from a perception of that 
which toill be, even though the latter be nothing more than 
a new condition of a known material existence ; for of actual 
creation, of origin, the beginning of existence from non-exist- 
ence, we have no experience, and can therefore form no con- 
ception. 

A comparison of the various causes influencing the develop- 
ment manifested by the greater or less degree of condensation 
in the interior of nebulae, no less than a successive course of 
direct observations, have led to the belief that changes of form 
have been recognized first in Andromeda, next in the constel- 
'lation Argo, and in the isolated filamentous portion of the 
nebula in Orion. But want of uniformity in the power of the 
instruments employed, different conditions of our atmosphere, 
and other optical relations, render a part of the results invalid 
IIA historical evidence, 
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Nelndous starsmxmt not be confounded either with irregu- 
larly-shaped nebulous spots, properly so called, whose separate 
parts have an unequal degree of brightness (and which may, 
perhaps, become^oncentrated into stars as their circumference 
contracts), nor with the so-called planetary nebuhe, whose cix^ 
cTslar or slightly oval disks manifest in all their parts a per- 
fectly uniform degree of faint light. Nebulous stars are not 
merely accidental bodies projected upon a nebulous ground, 
but are a part of the nebulous matter constituting, one mass 
with the body which it surrounds. The not unfrequently con- 
siderable magnitude ci their apparent diameter, and the re- 
mote distai)ee from which they are revealed to us, show that 
both the planetary nebulee and the nebulous stars must be of 
enormous dimensions. New and ingenious considerations of 
the difierent influence exercised by distance"^ on the intensity 
of light of a disk of appreciable diameter, and of a single sel^ 
luminous point, render it not improbable that the planetary 
nebulas are very remote nebulous stars, in which the difiep- 
ence between the central body and the surrounding nebulous 
covering can no longer be detected, by our telescopic instru- 
ments. 

The magnificent zones of the southern heavens, between 
50° and 80"^, are especially rich in nebulous stars, aiul in comr 
pressed unresolvable nebulae. The larger of the two Mageli- 
lanic clouds, which circle round the starless, desert pole of the 
south, appears, according to the most recent researches,! as 
" a collection of clusters of stars, composed of globular <dustei» 
and nebulas of di^rent magnitude, and of large nebulous spots 

* The optical considerations relative to the difference presented by 
a single luminous point, and by a disk subtending an appreciable angle, 
in which the intensity oflightis constant at every distance, are explain- 
ed in Arago's Analyse des Travaux de Sir William Herschel {Annuaire 
du Bureau des Lan^., 18412, p. 410-412, and 441). 

t The tvTO Magellanic clouds, Nubecula major and Nubecula minor, 
are very remarkable objects. The larger of the two is an accumulated 
mass of stars, and consists of clusters of stars of irregular form, either 
conical masses or nebulse of different magnitudes and degrees of con- 
densation. This is interspersed with nebulous spots, not resolvable 
into stars, but which are probably star dust^ appearing only as a general 
radiance upon the telescopic field of a twenty-feet reflector, and form- 
ing a luminous ground on which other objects of striking and inde- 
scribable form are scattered. In no other portion of the heavens are 
so many nebulous and stellar masses thronged together in an equally 
small space. Nubecula minor is much less beautiful, has more unre- 
solvable nebulous light, while the stellar masses are fewer and fainter 
in intensity.— ^(From a letter of Sir John Herschcrl, Feldhuysen, Cape 
ofGoodHop^,13thJw§/l896.) , 
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not resolvable, which, producing a general brightness in the 
field of view, form, as it were, tbe back-ground of the picture." 
The appearance of these clouds, of the brightly-beaming con* 
fltellation Argo, of the Milky Way between Scorpio, the Cen- 
taur, and the Southern Cross, the picturesque beauty, if one 
may so speak, of the whole expanse of the southern celestial 
hemisphere, has left upon my mind an inefiaceable impression. 
The zc€iacal light, which rises in a pyramidal form) and con- 
stantly contributes, by its mild radiance, to the external beauty 
of tbe tropical nights, is either a vast nebulous ring, rotating 
between the Earth and Mars, or, less probably, the exterior 
stratum of the solar atmosphere. Besides these luminous clouds 
and nebuIsB of definite form, exact and corresponding observa- 
tions indicate the existence and the general distribution of an 
apparently non-luminous, infinitely-divided matter, which pos^ 
seases a force of resistance, and manifests its presence in Encke's, 
and perhaps also in Biela's comet, by diminishing their eccen- 
tricity and shortening their period of revolution. Of this im- 
peding, ethereal, and cosmical matter, it may be supposed that 
it is in motion ; that it gravitates, notwithstanding its original 
tenuity ; that it is condensed in the vicinity of the great mass 
of the Sun ; and, finally, that it may, for myriads of ages, 
have been augmented by the vapor emanating from the tails 
of comets. 

If we now pass from the consideration of the vaporous mat* 
ter of the immeasurable regions of space {ohpavov ;^opTOf )* 
-« — whether, scattered without definite form and limits, it ex- 
ists, as a cosmical ether, or is condensed into nebulous spots, 
and becomes comprised among the solid agglomerated bodies 
of the universe — ^we approach a class of phenomena exclusive- 
ly designated by the term of stars, or as the sidereal world. 

* I should have made use, in the place of garden of the universe, of 
the beautiful expression x^pfoc ovpavoVf borrowed by Hesychius from 
an unknown poet, \i x^ptog had not rather signified in general an in- 
closed space. The connection with tbe German garten and the En^ 
gViBh gardeiif gards in Gothic (derived, according to Jacob Grimm, from 
gairdan, to gird), is, however, evident, as is likewise the affinity with 
the Sclavonic grad, gorodj and as Pott remarks, in his Etymol. Forschun- 
gen, th. i., s. 144 (Etymol. Researches), with the Latin chors, whence 
we have the Spanish carte, the French cour, and the English word courtt 
together with the Oasetic khart. To these may be further added the 
Scandinavian gard,* gdrd, a place inclosed, as a court, or a country 
seat, and the Persian gerd, gird, a district, a circle, a princely country 
seat, a castle or city, as we find the term applied, to the names of places 
in Firdosi's Schahnameh, aa Siyawakachgirdf Darabgirdt &c. 

• [This word is written gaard in the D«ii!0h.]~2V. 
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Here, too, we find diflerences existing in the solidity or density 
-of the spheroidally agglomerated matter. Our own solar sys- 
tem presents all stages of mean density (or of the relation of 
volume to mass.) On comparing the planets from Mercury 
to Mars with the Sun and with Jupiter, and these two last 
named with the yet inferior density of Saturn, we arrive, by 
9. descending scale— to draw our illustration from terrestrisd 
substances — at the respective densities of antimony, honey, 
water, and pine wood. In comets, which actually constitute 
the most considerable portion of our solar system with respect 
to the number of individual forms, the concentrated part, 
usually termed the head, or mideuSt transmits sidereal light 
unimpaired. The mass of a comet probably in no case equals 
the five thousandth part of that of the earth, so dissimilar are 
the formative processes manifested in the original and perhaps 
still progressive agglomerations of matter. In proceeding from 
general to special considerations, it was particularly desirable 
to draw attention to this diversity, not merely as a possible* 
but as an actually proved fact. 

The purely speculative conclusions arrived at by Wright, 
Kant, and Lambert, concerning the general structural ar- 
rangement of the universe, and of the distribution of matter 
in space, have been confirmed hy Sir William Herschel, on 
the more certain path of observation and measurement. That 
great and enthusiastic, although cautious observer, was the 
first to sound the depths of heaven in order to determine the 
limits and form of the starry stratum which we inhabit, and 
he^ too, was the first who ventured to throw the light of inves- 
tigation upon the relations existing between the position and 
distance of remote nebuloB and our own portion of the sideteal 
universe. William Herschel, as is well expressed in the ele- 
gant inscription on his monument at Upton, broke through the 
inclosures of heaven {cadorum perrupit daustra)^ and, like 
another Columbus, penetrated into an unknown ocean, from 
which he beheld coasts and groups of islands, whose true po- 
sition it remaitis for future ages to determine. 

Considerations regarding the difierent intensity of light in 
stars, and their relative number, that is to say, their numeric- 
al frequency on telescopic fields of equal magnitude, have led 
to the assumption of unequal distances and distribution in space 
in the strata which they compose. Such assumptions, in as 
far as they may lead us to draw the limits of the individual 
portions of the universe, can not ofier the same degree of math- 
ematical certainty as that which may be attained in all tiiat 
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relates to our solar system, whether we consider the rotation 
of douhle stars with unequal velocity round one common ceu* 
ter of gravity, or the apparent or true movements of all the 
heavenly .hodies. If we take up the physical description of 
the universe from the remotest nehulsB, we may be inclined 
to compare it with the mythical portions of history. The one 
begins in the obscurity of antiquity, the other in that of inac- 
cessible space ; and at the point where reality seems to flee 
before us, imagination becomes doubly incited to draw from 
its own fullness, and give definite outline and permanence to 
the changing forms of objects. 

If we compare the regions of the universe with one of the 
island-studded seas of our own planet, we may imagine mat- 
ter to be distributed in groups, either as unresolvable nebulsB 
of difierent ages, condensed around one or more nuclei, or as 
already agglomerated into clusters of stars, or isolated sphe- 
roidal bodies. The cluster of stars, to which our cosmical isl- 
and belongs, forms a lens-shaped, flattened stratum, detached 
on every side, whose major axis is estimated at seven or eight 
hundred, and its minor one at a hundred and flfty times the 
distance of Sirius. It would appear, on the supposition that 
the parallax; of Sirius is not greater than that accurately de- 
termined for the brightest star in the Centaur (0"'9128), that 
light traveiBes one distance of Sirius in three years, while it 
also follows, from Bessel's earlier excellent Memoir* on the 
parallax of the remarkable star 61 Cygni (0'''3483), (whose 
considerable motion might lead to the inference of great prox- 
imity), that a period of nine years and a quarter is required 
for the transmission of light from this star to our planet. Our 
starry stratum is a disk of inconsiderable thickness, divided a 

* See Maclear's " Results from 1839 to 1840," in the Trans, of the 
Astronamieal Soc, vol. xii., p. 370, on a Centaari, the probable mean 
error being 0"-0640. For 61 Cygni, see Bessel, in Schumacher's Jakr^ 
buck, 1839, B. 47, and Schumacher's Astron. Nachr., bd. xviii., s. 40 1, 
402, probable mean error, 0"'0141. With reference to the relative 
distances of stars of different magnitudes, how those of the third mag- 
nitude may probably be three times more remote, and the manner in 
which we represent to ourselves the materia] arrangement of the starry 
strata, I have . found the following remarkable passage in Kepler's 
Epitome Astronomic Copernicance, 1618, t. i., lib. 1, p. 34-39: '* Sol 
hie noster. nil aliud est quam una ex Jixis, nobis major et clarior visa, 
quiapropior quamfixa. Pone terram stare ad latus, una semi'diametro 
vi(B lacteee, tune kac via lactea appar^t circulus parvus, vel ellipsis par- 
va, tola declinans ad latus alterum; eritque simtd uno intuitu eonspictuZf 
qua nunc non potest nisi dimidia conspici quovis momento. Itaque fix- 
arum sphmra non tanium orbe steUarum, sed etiam circuh lactis versus 
nof deorsum est termintUa" 
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third of its length into two Inraiiclies ; it is supposed that we 
are uear this division, and nearer to the region of Sirius than 
to the constellation Aquila, almost in the middle of the stra- 
tum in the hue of its thicknees or minor axis. 

This position of our solar system, and the form of the whole 
discoidal stratum, have been inferred from sidereal scales, that 
is to say, firom that method of counting the stars to whioh I 
have akeady alluded, and which is based upon the equidistant 
subdivision of the telescopic field of view. The relative depth 
of the stratum in all directions is measured by the greater or 
smaller number of stars appearing in each division. These 
divisions give Uie length of the ray of vision in the same man- 
ner as we measure the depth to which the plummet has been 
thrown, before it reaches the bottom, although in the case of 
a starry stratum there can not, correctly speaking, be any idea 
of depth, but merely of outer limits, in the direction of the 
longer axis, where the stars lie behind one another, the more 
remote ones aj^ar closely crowded together, united, as it were, 
by a milky-white radiance or luminous vapor, and are perspec* 
tively grouped, encircling, as in a zone, the visible vault of 
heaven. This narrow and branched girdle, studded with ra- 
diant light, and here and there interrupted by dark spots, de- 
viates only by a few degrees from forming a perfect large cir- 
cle round the concave sphere of heaven, owing to our being 
near the center of the large starry cluster, and almost on the 
plane of the Milky Way. If our planetary system were far 
outside this cluster, the Milky Way would appear to tele- 
scopic vision as a ring, and at a still greater distance as a r^ 
solvable discoidal nebula. 

Among the many self-luminous moving suns, erroneously 
called fxed starSy which constitute our cosmical island, our 
own sun is the only one known by direct observation to be a 
central body in its relations to spherical agglomerations of 
matter directly depending upon and revolving round it, either 
in the form of planets, comets, or aerolite asteroids. As far 
as we have hitherto been able to investigate nmltvpLe stars 
(double stars or suns), these bodies are not subject, vdth re- 
spect to relative motion and illumination, to the same planet- 
ary dependence that characterizes our own solar system. Two 
or more self-luminous bodies, whose plai^ets and moon, if such 
exist, have hitherto escaped our telescopic powers of vision, 
certainly revolve around one common center of gravity ; but 
this is in a portion of space which is probably occupied merely 
by unag^lomfirated matter or cosmical vapor, while in our sysr 



Digitized by VjOOQ IC 



90 COSMOS. 

tem the center of gravity is often comprised within »the inner- 
most limits of a visible central body. If, therefore, we regard 
the Sun and the Earth, or the Earth and the Moon, as double 
stars, and the whole of our planetary solar system as a multi- 
ple cluster of stars, the analogy thus suggested must be limit- 
ed to the universality of the laws of attraction in different sys- 
tems, being alike applicable to the independent processes of 
light and to the method of illumination. 

For the generalization of cosmical vievirs, corresponding with 
the plan we have proposed to follow in giving a delineation of 
nature or of the universe, the solar system to which the Earth 
belongs may be considered in a two-fold relation : first, with 
respect to the different classes of individually agglomerated 
matter, and the relative size, conformation, density, and dis- 
tance of the heavenly bodies of this system ; and, secondly, 
with reference to other portions of our starry cluster, and of 
the changes of position of its central body, the Sun. 

The solar system, that is to say, the variously-formed matter 
circling round the Sim, consists, according to the present state 
of our knowledge, of eleven primary planets * eighteen satel- 

* [Since the pablication of Baroa Humboldt's work in 1845, several 
other planets have been discovered, making the number of those be- 
longing to our planetary system sixteen instead of eleven. Of these, 
Astrea, Hebe, Flora, and Iris are members of the remarkable group 
of asteroids between Mara and Jupiter. Astrea and Hebe were dis- 
covered by Hencke at Driesen, the one in 1846 and the other in 1847 ; 
Flora and Iris were both discovered in 1847 by Mr. Hind, at the South 
Villa Observatory, Regent's Park. It would appear from the latest de- 
terminations of their elements, that the small planets have the following 
order with respect to mean distance from the Sun : Flora, Iris> Vesta, 
Hebe, Astrea, Juno, Ceres, Pallas. Of these, Flora has the shortest 
period (about 3^ years). The planet Neptune, which, after having 
been predicted by several astronomers, was actually observed on the 
25th of September, 1846, is situated on the confines of our planetary . 
system beyond Oranus. The discovery of this planet is not only highly 
interesting irom the importance attached to it as a question of science, 
but also from the evidence it affords of the care and unremitting labor 
evinced by modern astronomers in the investigation and comparison of 
the older calculations, and the ingenious application of the results thus 
obtained to the. observation of new facta. The merit of having paved 
the way for the discovery of the planet Neptune is due to M. Botivard, 
who, in his persevering and assiduous efforts to deduce the entire orbit 
of Uranus from observations made during the forty years that succeed- 
ed the discovery of that planet in 1781, found the results yielded by 
theory to be at variance with fact, in a degree that had no parallel in. 
the histoiy of astronomy. This startling discrepancy, which seemed 
only to gain additional weight from every attempt made by M. Bouvard 
to correct his calculations, led Leverrier, after a careful modification of 
the tablet of Bouvard, to estabUsh the proportion that there waa ** a 
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lites or ^condary planets, and myriads of comets, three of 
which, known as the " planetary comets," do not pass beyond 
the narrow limits of the orbits described by the principal 
planets. We may, with no inconsiderable degree of proba- 
bility, include within the domain of our Sun, in the immedi- 
ate sphere of its Central force, a rotating ring of vaporous mat- 
ter, lying probably between the orbits of Venus and Mars, but 
certainly beyond that of the Earth,* which appears to us in 

formal inoompatibility between the observed motions of Uranus and 
the hypothesis that he was acted oti only by the Suu and known plan- 
ets, according to the law of uniyersal gravitation/' Pursaing this idea, 
Leverrier arrived at the conclosion that the distarbing cause must be a 
planet, and, finally, after an amount of labor that seems perfectly oveiw 
whelming, he, on the dlst of Augast, 1846, laid before the French In- 
stitute a paper, in which he indicated the exact spot in the heavens 
where this new planetary body woidd be found, giving the following 
data for its various elements : mean distance frem the Sun, 36' 154 times 
that of the Earth ; period of revolution, 217*387 years ; mean long., 
Jan. 1st, 1847, 318^ 47'; mass, jjjfji^^* heliocentric long., Jan. Ist, 
1847, 326^ 32^ Essential difficulties still intervened, however, and as 
the remoteness of the planet rendered it improbable that its disk would 
be discernible by any telescopic inatrament, no other means remained 
for detecting the suspected body but ita planetary motion, which could 
only be ascertained by mapping, after every observatibn, the quarter 
of the heavens scanned, and by a comparison of the various maps. 
Fortunately for the verification of Levenier*s predictions, Dr. Bremiker 
had ioat completed a map of the precise region in which it was expect* 
ed the new planet would appear, this being one of a series of maps 
made for the Academy of Berlin, of the small stars along the entire zo- 
diac. By means of this valuable assistance. Dr. Galle, of the Berlin 
Observatory, was led, on the 25th of September, 1846, by the discov- 
ery of a star of the eighth magnitude, not recorded in Dr. Breiaiker's 
map, to make the first observation of the planet predicted by Leverrier. 
By a singular coincidence, Mr. Adams, of Cambridge, had predicted 
the appearance of the planet simultaneously with M. Leverrier; but 
by the concurrence of several circumstances much to be regretted, the 
world at large were not made acquainted with Mr. Adamses valuable 
discovery until subsequently to the period at which Leverrier published 
his observations. As the data of Leverrier and Adams stand at present, 
there is a discrepancy between the predicted axld the true distance, and 
in some other elements of the planet ; it remains, therefore, for these 
or future astronomers to reconcile theory with fact, or perhaps, as in 
the case of Uranus, to make the new planet the means of leading to yet 
greater discoveries. It would appear from the most recent observations, 
that the mass of Neptune, instead of being, as at first stated, ^^g-th, is 
only about ^^r^nr^^ ^^^^ ^^ ^^ ^^^* while its periodic time is now given 
with a greater probability at 166 years, and its mean distance firom the 
Sun nearly 30. The planet appears to have a ring, but as yet no ac- 
curate observations have been made regarding its system of satellites. 
See Trans, Attron, Soc., and The Plan^ Neptune, 1848, by J. P. Nicholl.] 
— Tr. 
* '^ If there should be moleeules ia the zones diffcued by the atntoe* 
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a^ pyrftmidal form, and is known as the Zodiacal Light ; and 
a host of very small asteroids, whose orbits either intersect, or 
very nearly approach, that of our earth, and which present us 
with the phenomena of aeroUtes and falling or shooting stars. 
When we consider the complication of variously-formed bodies 
which revolve round the Sun in orbits of such dissimilar ec- 
centricity — although we may not be disposed, with the im- 
mortal author of the MScaniqtee Cileste, to regard the larger 
number of comets as nebulous stars, passing from one central 
system to another,* we yet can not fail to acknowledge that 
the planetary system, especially so called (that is, the group 
of heavenly bodies which, together with their satellites, re- 
volve with but slightly eccentric orbits round the Sun), con- 
stitutes but a small portion of the whole system with respect 
to individual numbers, if not to mass. 

It has been proposed to consider the telescopic planets, Ves- 
ta, Juno, Ceres, and Pallas, with their more closely intersect- 
ing, inclined, and eccentric orbits*, as a zone of separation, or 
as a middle group jin space ; and if this view be adopted, we 
shall discover that the interior planetary group (consisting of 
Mercury, Venus, the Earth, and Mars) presents several very 
striking contrastst when compared with the exterior group, 
comprising Jupiter, Saturn, and Uranus. The planets near- 
est the Sun, and consequently included in the inner group, are 
of more moderate size, denser, rotate more slowly and with 
nearly equal velocity (their periods of revolution being almost 
all about 24 hours), are less compressed at the poles, and, with 
the exception of one, are without satellites. The exterior 
planets, which are further removed from the Sun, are very 
considerably larger, have a density five times less, more than 
twice as great a velocity in the period of their rotation round 
their axes, are more ccxnprefised at the poles, and if six satel- 
lites may be ascribed to Uranus, have a quantitative prepon- 
derance in the number of their attendant moons, which is as 
seventeen to one. 

phere of the 6 an of too volatile a nature eitbier to combine with one 
another or with the planets, we must suppose that they wonld, in cir- 
cling round that luminary, present all the appearances of zodiacal light, 
without opposing any apprecuble resistance to the different bodies com- 
posing the planetary system, either owing to their extreme rarity, or 
to the similarity existing between ^eir motion and that of the planets 
with which they come in contact." — ^Laplace, £i;poc. du 8yst, dn Monde 
(ed. 5), p. 415. 

* Laplace, Exp. du Syat. du Monde^ p. 396, 414. 

i Littrow, Astronomies 1825, bd. xi., ^ 107. Madler, Astron., 1841, 
i 212. Laplace, Exp. du SyH. du Monde, p. 210. 
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8ach general constder&tions regardiiig certain charaotenstio 
properties appertaining to whole groups, can not, however^ be 
applied with equal justice to the individual planets of every 
group,' nor to the relations between the distances of the revolv- 
ing planets from the central body, and their dMolute siise, 
density, period of rotation, eccentricity, and the inclination of 
their orluts and the axes. We knew as yet of no inherent ne- 
cessity, no mechanical natural law, similar to the one which 
teaches us that the squaires of the periodic times are propor- 
tional to the cubes of the major axes, by which the above- 
named six elements of the phmetary bodies and the form of 
their orlxt are made dependent either on one another, or on 
their mean distance from the Sun. Mars is smaller than the 
Earth and Venus, although further removed from the Sun 
than these last-named planets, approaching most nearly in aze 
to Mercury, the nearest planet to the 8un. Saturn is smaller 
than Japifeer, and yet much larger than Uranus. The zone 
of ihe telescopic planets, which have so inconsiderable a vol- 
ume» immediately precede Jupiter (the greatest in size of any 
of the planetary bodies), if we consider them with regard to 
distance from the Sun ; and yet the disks of these small aster- 
oids, which scarcely admit of measurement, have an areal sur- 
face not much more than half that of France, Madagascar, or 
Borneo. However striking may be the extremely small den^* 
ity of all the colossal |4anets, which are j^rthest removed from 
the Sun, we are yet unable in this respect to recognize any 
regular succession.* Uranus appears to be denser than Sat- 
urn, even if we adopt the smaller mass^ ?Te77> ajssnmed by 
Lament ; and, notwithstanding the inconsiderable di£erence 
of density observed in the innermost planetary group,! we find 
both Venus and Mars less dense than the Earth, which lies- 
between them. The time of rotation certainly diminii^es 
with increasing solar distance, but yet it is greater in Mars 
than in the Earth, and in Saturn than in Jupiter. The el- 

* See Kepler, on the increasing density and volame of the planets in 
proportion with their incroase oi distance from the Sun, which is de- 
scribed as the densest of all the heavenly bodies ; in the Epitome As- 
iron. Co-pem, in vii. libros digeaCay 1618*1622, p. 420. Leibnitz also in- 
clined to the opinions of Kepler and Otto yon Gaericke, that the plan- 
ets increase in volame in proportion to their increase of distance from 
the Snm, See his letter to tbe Magdeburg Burgomaster (Mayence, 
1671), in Leibnitz, Deutsehen Schriften, herausg. von Chthrauerf th. i., 
J 264. 

* t On the arrangement of masses, see Encke, in Schum., Astr, Naehr,, 
1843, Nr. 488, M14- 
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liptic orbits of Juno, Pallas, and Mercury have the greatest 
degree of eccentricity, and Mars and Venus, which immedi- 
ately follow each other, have the least. Mercury and Venus 
exhibit the same contrasts that may be observed in the four 
smaller planets, or asteroids, whose paths are so closely inter- 
woven. 

The eccentricities of Juno and Pallas are very nearly iden* 
tical, and are each three times as great as those of Ceres and 
Vesta. The same may be said of the inclination of the orbits 
of the planets toward the plane of projection of the ecliptic, or 
in the position of their axes of rotation with relation to their 
orbits, a position on which the relations of climate, seasons o£ 
the year, and length of the days depend mor& than, on eccen* 
triciiy. Those planets that have the most el<Migated elli|>tio 
orbits, as Juno, Pallas, and Mercury, have also, although not 
to the same degree, their orbits most strongly inclined toward 
the ecliptic. Pallas has a comet-like inclination nearly twen- 
ty-six times greater than that €i Jupiter, while in the little 
planet Vesta, which is so near Pallas, the angle of incUnation. 
scarcely by six times exceeds that of Jupiter. An -equally ir* 
regular succession is observed in the position of the axes of 
the. few planets (four or ^ve) whose planes of rotation we 
know with any degree of certainty. It would appear from 
the position of the satellites of Uranus, two of which, the boc- 
ond and fourth, have been recently observed with certainty, 
that the axis of this, the outermost of all the planets, is scarce- 
ly inclined as much as 11° toward the plane of its orbit, while 
Saturn is placed between this planet, whose axis almost coin- 
cides with the plane x)f its orbit, and Jupiter, whose axis of 
rotation is nearly perpendicular to it. 

In this enumeration of the forms which compose the world 
in space, we have delineated them as possessing an actual ex- 
istence, and not as objects of intellectual contemplation, or as 
mere links of a mental and causal chain of connection. The 
planetary system, in its relations of absolute size and relative 
position of the axes, density, timeof rotatbn, and difierent de- 
gress of eccentricity of the orbits, does not appear to ofier to 
our apprehension any stronger evidence of a natural necessity 
than the proportion observed in the distribution of land and 
water on the Earth, the configuration of continents, or the 
height of mountain chains. In these respects we can discover 
no common law in the regions of space or in the inequalities 
of the earth's crust. They axe facts in jxature that have 
arisen from the conflict of manifold forces acting under mnt 
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knawn conditions, although man considers as ctccidental what* 
ever he is unahle to explain in the planetary formation on pure- 
ly genetic principles. If the planets have been formed out of 
separate rings of vaporous matter revolving round the Sun, 
we may conjecture that the diiierent thickness, unequal dens- 
ity, temperature, and electro-magnetic tension of these rings 
may have given occasion to the most various agglomerations 
of matter, in the same manner as the amount of tangential 
velocity and small variations in its direction have produced so 
great a difierence in the forms a.nd inclinations of the elliptic 
orbits. Attractions of mass and laws of gravitation have no 
doubt exercised an iniluence here, no less than in the geog- 
nostic relations of the elevations of continents ; but we are un« 
able from present forms to draw any conc}usi<»is regarding the 
series of conditions through which they have pas&^. Even 
the so-called law of the distances of the planets from the Sun, 
the law of progression (which led Kepler to conjecture the ex- 
istence of a planet supplying the link that was wanting in the 
chain of connection between Mars and Jupiter), has been found 
numerically inexact for the distances between Merwiry, Venus, 
and the Earth, and at variance with the conception of a series, 
awing to the necessity for a supposition in the case of the first 
member. 

The hitherto discovered principal planets that revolve round 
our Sun ajfe attended certainly by fourteen, and probably by 
eighteen secondary planets (moons or satellites). The princi- 
pal planets arey therefore, themselves the central bodies of sub- 
ordinate systems. We seem to recognize in the fabric of the 
universe the same process of arrangement so frequently ex- 
hibited in the development of organic life, where we find in 
the manifold combinations of groups of plants or animals the 
same typical form repeated in .the sttbordincUe classes. The 
secondary planets or satellites are more frequent in the extern- 
al r^on of the planetary system, lying beyond, the intersect- 
ing orbits of the smaller ^planets or asteroids ; in the inner re- 
gion none of the planets are attended by satellites, with the 
exception of the Earth, whose moon is relatively of great mag- 
nitude, since its diameter is equal to a fourth of that of the 
Earth, whQe the diameter of the largest of all known second- 
ary planets — ^the sixth satellite of Saturn — ^is probably about 
one seventeenth, and the largest of Jupiter's moons, the thhrd, 
only about one twenty-sixth part that of the primary planet 
or central body. The planets which are attended by the 
largest number of satellites are noost remote from the Sun, 
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and are at the same time the largest, most compressed at the 
poles, and the least dense. According to the most recent 
measurements of Madier, Uranns has a greater planetary 
compreasioB than any other of the planets, viz.» ^-l?^- ^^ ^^^ 
Earth and her moon, whose mean distance from one another 
amountiS to 207,200 miles, we find that the differences of 
mass^ and diameter hetween the two are much less consider- 
ahle than are usually ohserved to exist between the principal 
planets and their attendant satellites, or between bodies of 
different orders in the solar system. While the density of the 
Moon is five ninths less than that of the Earth, it would ap- 
pear, if we may sufficiently depend upon the determination» 
of their magnitudes and masses, that the second of Jupiter's 
moons is actually denser than that great planet itself Among 
the fourteen satellites that hare been investigated with any 
degree of certainty, the system of the seren satellites of Saturn 
presents an instance of the greatest possible contrast, both in 
absolute magnitude and in distance fh)m the central body. 
The sixth of these satellites is probably not much smaller than 
Mars, while our moon has a diameter which does not amount 
to more than half that of the latter planet. With respect to 
Volume, the two outer, the sixth'and seventh of Saturn's satel- 
lites, approach the nearest to the third and brightest of Jupi- 
ter's moons. The two innermost of these satellites belong 
perhaps, together with the remote moons of Uranus, to the 
smallest cosmical bodies of our solar system, being only made 
visible under favorable circumstances by the most powerful 
instruments. They were first discovered by the forty-foot 
telescope of William Herschel in 1789, and were seen again 
by John Herschel at the Cape of Good Hope, by Vico at JElome, 
and by Lamont at Munich. Determinations of the true di- 
ameter of satellites, made by the measurement of the apparent 
size of their small disks, are subjected to many optical diffi- 
culties ; but numerical astronomy, whose task it is to prede* 
termine by calculation the motions of the heavenly bodies aa 
they will appear when viewed from the Earth, is directed al- 

* If, according to Barckhardt's determination, the Moon's radius be* 
0.2t25 and its volume ^^^.^^th, its density will be 0*5596, or nearly five 
ninths. Compare, also, Wilh. Beer und H. Madler, der Mondj $ 2^ 
10, and Madler, Aity $ 157. The material conteots of the ^o6n are, 
aocerding to Hausei), nearly ^^^th (and according to Madler T^.^th) 
that of the Earth, and its mass equal to-^p^i^d that of the Eartli. lu 
the largest of Jupiter's moons, the third, the relations bf volume to the 
central body are ^ ^^ y th, and of mass -j^^^th. On the polar flatten- 
ing of Uranus, see Schum., Astron, NMhr,, 1844, No. 493. 
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ja»8t exclusively to motiou and inass^ and but little to vokmo. 
The absolute distance of a satellite from its central body is 
greatest in the case of the outermost or seventh satellite of 
Saturn, its distance froin the body round which it revolves 
amounting to more than two millions of miles, or ten times as 
great a distance as that of our moon from the JElarth. In the 
case of Jupiter we find that the outermost or fourth attendant 
moon is only 1,040,000 miles from that planet, while the dis- 
tance between Uranus and its sixth satelhte (if the latter real- 
ly exist) amounts to as much as 1,360,000 mileg. If we com- 
pare, in each of these subordinate systems, the volume of the 
main planet with the distance of the orbit of its most remote 
satellite, we discover the existence of entirely new numerical 
relations. The distances of the outermost satellites of Uranus, 
Saturn, and Jupiter are, when expressed in semi-diameters 
o£ the main planets, as 91, 64, and 27. The outern^ost satel- 
lite of Saturn appears, therefore, to be removed only about 
one fifteenth further from the center of that planet than our 
moon is from the Earth. The first or innermost of Saturn's 
satellites is nearer to its central body than any other of the 
secondary planets, and presents, moreover, the only instance 
x)f a period of revolution of less than twenty-four hours. Its 
distance from the center of Saturn may, according to Madler 
and Wilhehn Beer, be expressed as 2-47 semi-diameters of that 
planet, or as 80,088 miles. Its distance from the surface of 
the main planet is therefore 47,480 miles, and finxn the outer- 
most edge of the ritig only 4916 miles. The traveler may 
form to himself an estimate of the smallness of this amount 
by remembering the statement of a^ enterprising navigator, 
Captain Beechey, that he had in three yeaas passed over 72,800 
zniks. If, instead of absolute Stances, we take the semi-di- 
^uneters of the prin^^ipal planets, we shall find that even the 
iiist or nearest of the moons of Jupiter (which is 26,000 miles 
further removed fxoaxtke center of that planet than our moon 
ia from that of the Earth) is only ax semi-diameters of Jupitcor 
from its center, while <nir moon is removed from us fully ^\d 
semi-diameters of the Earth. 

In the subordinate systems of satellites, we find that the 
same laws of gravitation whidbi regulate the revolutions of the 
principal planets round the Sun likewise govern the mutual 
relations existing between these planets among one. another 
and with reference to their attendant satellites. The twelve 
moons of Saturn, Jupiter, and the Earth all move like the 
primary planets from west to east^ and in el^tic orlats, is* 

Vol. I ^E 
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Tiating but little from circles. It is only in the case of ovr 
moon, and perhaps in that of the first and innermost of the 
satellites of Satum (0 068), that we discover an eccentricity 
greater than that of Jupiter ; according to the very exact ob- 
8ervati6ns of Bessel, the eccentricity of the sixth of Saturn's 
satelHtes (0-029) exceeds that of the Earth. On the extremest 
limits of the planetary system, where, at a distance nineteen 
times greater than that of our Earth, the centripetal force of 
the Sun is greatly diminished, the satellites of Uranus (which 
have certainly been but imperfectly investigated) exhibit the 
most striking contrasts from the facts observed with regard to 
other secondary planets. Instead, as in all other satellites, of 
having their orbits but slightly inclined toward the ecliptic, 
and (not excepting even Saturn's ring, which may be regard- 
ed as a fusion of agglomerated satellites) moving from west to 
east, the satellites of Uranus are almost perpendiculat to the 
ecliptic, and move retrogressively from east to west, as Sir 
John Herschel has proved by observations continued during 
many years If the primary and secondary planets have been 
formed by the condensation of rotating rings of solar and plan- 
etary atn^ospheric vapor, there must have existed singular 
causes of retardation or impediment in the vaporous rings re^ 
volving round Uranus, by which, under relations with which 
we are unacquainted, the revolution of the second and fourth 
of its satellites was made to assume a direction opposite to that 
of the rotation of the central planet. 

It seems highly probable that the period of rotation of all 
secondary planets is equal to that of their revolution round 
the main planet, and therefore that they always present to 
the latter the same side. Inequalities, occasioned by slight 
variations in the revolution, give rise to fluctuations of from 
6*^ to 8^, or to an apparent libra^ion in longitude as well as 
in latitude. Thus, in the case of our moon, we sometimes 
observe more than the half of its surface, the eastern and 
northern edges being more visible at one time, and the west- 
era or southem at another. By means of this libration* wd 
*are enabled to see the annular mountain Malapert (which oc* 
casionally conceals the Moon's south pole), the arctic land- 
scape round the crater of Gioja, and the large gray phine near 
Endymion, which exceeds in superficial extent the Mare Yor 
j)arum. Three sevenths of the Moon's surface are entirely 

* Beer and Madler, op. cit., $ 185, s. 208, and $ 347, s. 332 ; and in 
their Phys. KenntnUtder kimml. KorpeTf «. 4 and 69, Tab. 1 (Physio- 
%l History of the Heavenly Bodies). 
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eoocealed from our observatioii, and must always remain bo» 
unless new and unexpected disturbing causes come into play. 
These cosmicai relations involuntarily remind us of nearly 
similar conditions in the intellectual world, where, in the do- 
main of deep research into the mysteries and the primeval 
creative forces of nature, there are regions similarly turned 
away from us, and apparently unattainable, of which only a 
narrow margin has Tevealed itself, for thousands of years, to 
the human mind, appearing, from time to tiixie, either glim- 
mering in true or delusive Ught. We have hitherto consid- 
ered the primary planets, their satellites, and the concentric 
rings which belong to one, at least, of the outermost planets, 
as products of tangential force, and as closely connected to- 
gether by mutual attraction ; it therefore now only remains 
tor us to speak of the unnumbered host of comets which con- 
stitute a portion o£ the cosmicai bodies revolving in independ- 
ent orbits round the Sun. If we assume an equable distribu- 
tion of their orbits, and the limits of their perihelia, or greatest 
proximities to the Sun, and the possibility of their remaining 
invisible to the inhabitants of the Earth, and base our esti- 
mates on the rules of the calculus of probabilities, we shall 
obtain as the result an amount of myriads perfectly astonish- 
ing, Kepler, with his usual animation of expression, said that 
there were more comets in the regions of space than fishes in 
the depths of the ocean. As yet, however, there are scarcely 
one hundred and fifty whose paths have been calculated, if 
we may assume at six or seven hundred the number of comets 
whose appearance and passage through known constellations 
have been ascertained by more or less, precise observations. 
While the so-called classical nations of the West, the Greeks 
and Romans, although they may occasionally have indicated 
the position in which a comet first appeared, never afibrd any 
information regarding its apparent path, the copious literature 
of the Chinese (who observed nature carefully, and recorded 
with accuracy what they saw) contains circumstanfiai notices 
of the constellations through which each comet was observed 
to pass. These notices go back to more than five hundred 
years before the Christian era, and many of them are still 
found to be of value in astronomical observations.* 

* The first comets of whose orbits we have any knowledge, and 

. which were calcalated from Chinese observations, are those of 240 (an* 

der GoExlian III.), 539 (onder Justinian), 565, 568, 574, 837, 1337, and 

13B5. See John Bassell Hi ad, in Schum., Astron. Nackr., 1843, No. 498. 

While the comet of 837 (which, flu;oordxng to DaSfjoor, continued dai» 
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Altkough o<m);et8 have a imaller mass than any other oofr> 
mical bodies— ^b<»Jig» acoording to our present knowledge, prob- 
aUy not equal to ^ip^^th part of the Earth's mass — ^yet they 
occupy the largest spaee, as their tails in several instances ex- 
tend over many millions of miles. The cone of luminous va^ 
por which radiates from them has been found, in some cases 
fas in 1680 and 1611 )» to equal the length of the Earth's 
distance f^wn the Sun, forming a hue that intersects both the 
orbits of Venus and Mercury. It is even probable that the 
vapor of the tails of comets mingled with our atmosphere in 
the years 1819 and 1623. 

Comets exhibit such diversities of fi>rm, which appear rath- 
er to appertain to the individual than the class, that a de» 
scription of one of these *' wandering li^t-clouds,'' as they 
were already called by Xenophanes and Theon of Alexandria, 
cotemporaries of Pappus, can only be applied with caution to 
another. The faintest telescopic comets are generally devoid 
of visible tails, and resemble Herschers nebulous stars. They 
appear like circular nebulse of faintly-glimmering vapor, with 
the light concentrated toward the middle. This is the most 
simple type ; but it can not, however, be regarded as rudi- 
mentary, since it might equally be the type of an older cos- 
mical body, exhaustoi by exhalation. In the larger comets 
we may cUstinguish bolJi the so-called *' head'* or '* nucl^is," 
and the single or multiple tail, which is characteristically de- 
nominated by the Chinese astronomers " the brush" {sui). 
The nucleus generally presents no definite outline, although, 
in a few rare cases, it appears Hke a star of the first or second 
magnitude, and has even been seen in bright sunshine ;* as, 

ing twenty-four hours within a distance of 2,000,000 miles from the 
Bartfa) terrified Louis I. of France to that decree that he busied him* 
self in building churches and founding monastic establiriiments, in the 
hope of appeasing the evils threatened by its appearance, the Chinese 
astronomers made observations on the path of this cosmical body, whose 
tail extended over a space of 60^, appearing sometimes single and 
sometimes multiple. The first comet Uiat has been calculated solely 
from European observations was that ef 1456, known as Halley's com- 
et, from the belief long, bat erroneously^ entertained that the period 
whan it was first observed by that astronomer was its first and only 
well-attested appearance. See Arago, in the An»uairef 1836, p. 204, 
and Laugier, Comptes Rendut des Stances de VAcad,, 1843, t xyi., 
1006. 

* AragD, AnmuUr€f 1832, p. 209, 2£L The phenomenon of the tail 
of a comet being visible in bright sunshine, which is recorded of the 
oomet of 1402, occurred again iu die case of the large comet of 1843, 
whose nucleus and tail were seen in North America on the 2Sth of Feb- 
mary (according to the testimony of J, G. Gkrke, oS Portland, state of 
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Ha iiiitance, ia the large oatasia of 1402, 1532, 1577^ 1744, 
«nd 1843. Thia latter circumstaiice indieates, in particular 
individuals, a denser mass, capable of reflecting l^ht -with 
greater intensity. Even in Henchel's large telescope^ only 
two comets, that diaoovered in Sicily in 1807, and the splen* 
did one of 1811, exhibited well-defined disks ;* the one at an 
angle of 1^', and the other at 0"'77, whence the true diame- 
ters are assumed to be 536 and 428 miles. The diameters 
of the less well-definod nuclei of the comets of 1798 and 1805 
did not appear to exceed 24 or 28 miles. 

In several comets that have been investigated with great 
care, especially in the above-named one of 1811, which am- 
tinued visible for so long a period, the nucleus and its nebu* 
tofOB envelope were entirely separated from the tail by a daricer 
•pace. Tbs intensity of light in the nucleus of comets does 
not augment toward the center in any unifonn degree, bright* 
hf shining Z(»ie8 being, in many cases separated by conc^atiic 
nebulous envelopes. The tails sometimes appear single, some- 
times, althoagh more rarely, double ; and in the comets of 
1807 and 1843 the branches were of diflerent lengths ; in 
tme instance (1744) the tail had six branches, the whole 
^nrming an angle of 60^. The tails have been sometimes 
straight, sometimes curved, either toward both sides, or to- 
ward the side appearing to us as the exterior (as in 1811), or 
convex toward the direction in which the comet is moving 
(as in that of 1618) ; and somelames the tail has even ap- 
peared like a flame in motion. The tails are always turned 
away from the sun, so that their line of prolongation passes 
through its center ; a fact which, according to Edward Biot, 
was noticed by the Chinese astronomers as early as\837, but 
was first generally made known in Europe by Fracastoro and 
Peter Apian in the sixteenth century. These emanations 
may be regarded as coooidal envelopes of greater or less thick- 
Maine), between 1 and 3 o'clock in the afternooB.* The distance of 
the very dense nucleus from the sun's light admitted of being measured 
with much exactness. The nucleos and tail appeared like a very pure 
white cbttd, a darker space intervening between the tail and toe no- 
■oleos. {Amer, Jottm, ^Science, toL zIt., No. 1, p. 229.) 

• Phil. TroHt. for 1808, Part ii„ p. 155, and for 1812, Part i., p. 118. 
The diameters fband by Herschel for the nuclei were 538 and 428 £n» 
slish miles. For &e magnitudes of the comets of 1798 and 1805. see 
Xrago, Annuaire, 1832, p. 203. 

' « [The trsnalator wqa at Neiir Bedford, Mnuaehusetts, U. 8.. on the 28th Febraa- 
ry, 1643, and dietiBctly saw the comet, between 1 and 2 in l^e afternoon. The sky 
at the time was intensely blue* and the sun Bhialng with a dazzling brightnepi us- 
■knowB ia JSmropeaa climates.]— TV. 
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ness, and, considered in ihJA manner, they furnish a simj^d 
explanation of many of the remarkable optical phenomena al- 
ready spoken of. 

Comets are not only characteristically difl^rent in form, 
some being entirely without a visible tail, while others have 
a tail of immense length (as in the instance of the comet of 
1618, whose tail measured 104°), but we also see the same 
comets undergoing successive and rapidly-changing processes 
of configuration. These variations of form have been most 
accurately and admirably described in the comet of 1744, by 
Hensius, at St. Petersburg, and in Halley's comet, on its last 
reappearance in 1835, by Bessel, at Konigsberg. A more or 
less well-defined tuft of rays emanated from that part of the 
nucleus which was turned toward the Sun ; and the rays be- 
ing bent backward, formed a part of the tail. The nucleus 
of Halley's comet, with its emanations, presented the appear^ 
anee of a burning rocket, the end of which was turned side- 
ways by the force of the wind. The rays issuing from the 
head were seen by Arago and myself, at the Observat(»ry at 
Paris, to assume very difierent forms on successive nights.* 
The great Konigsberg astronomer concluded from many meas- 
urements, and from theoretical considerations, *' that the cone 
of light issuing firom the comet deviated considerably both to 
the right and the left of the true direction of the Sun, but 
that it always returned to that direction, and passed over to 
the opposite side, so that both the cone of light and the body 
of the comet from whence it emanated experienced a rotatory, 
or, rather, a vibratory motion in the plane of the orbit." He 
finds that " the attractive forc& exercised by the Sun on heavy 
bodies is inadequate to explain such vibrations, and is of opin- 
ion that they indicate a polar force, which turns one semi-di- 
ameter of the comet toward the Sun, and strives to turn the 
opposite side away from that luminary. The magnetic polar- 
ity possessed by the Earth may present some analogy to this ; 
and, should the Sun have an opposite polarity, an influence 
might be manifested, resulting in the precession of the equi- 
noxes." This is not the place to enter more fuUy upon the 
grounds on which explanations of this subject have been bas- 
ed ; but observations so remarkable,! and views of so exalted 

• Arago, Det ChangemerUs physiques de la Comite de HaUey du 15- 
23 OeLf 1835. Annuaire, 1836, p. 218, 221. The ordinary direclioQ 
of the emanations was noticed even in Nero's time. " ConuB radios so- 
Us ^ugiufU." — ^Seneca, Nat. Quasi., vii, 20. 

t Bessel, in Schamacher, Astr. Nachr,, 1836, No. 300-302, s. 188, 192, 
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a character, xegajrdwg the most wonderfbl class of the cosmic- 
al bodies belonging to oar solar system , ought, not to be en- 
tirely passed over in this sketch of a general picture of nature. 

Although, as a rulCj the tails of comets increase in magni- 
tude and brilliancy in the vicinity of the sun, and are directed 
away firom that central body, yet the comet of 1823 offered 
the remarkable example of two tails, one of which was turned 
toward the sun, and the other away from it, forming with 
each other an angle of 160°. Modifications of polarity and 
the unequal manner of its distribution, and of the direction in 
which it is conducted, may in this rare instance have occa- 
sioned a double, unchecked, continuous emanation of nebulous 
matter.* 

Aristotle, in his Natural Fhilosopkff, makes these emana^ 
tions the means of bringing the phenomena of comets into a 
singular connection with ^e existence of the Milky Way. 
According to his views, the innumerable quantity of stars 
which compose this starry zone give out a self-luminous, in- 
candescent matter. The nebulous belt which separates the 
different portions of the vault of heaven was thereibre regiurd- 
ed by the Stagirite as a large comet» the substance of which 
was incessantly being renewed.f 

197, 200, 202, and 230. Also in Schumacher, Jakrb., 1837, s. 149, 168. 
William Herschel, in bis observations on the beautiful comet of 1811, 
believed that he had discovered evidences of the rotation of the nucleus 
and tail (Phil, Trans, for 1812, Part i., p. 140). Duulop, at Paramat- 
ta, thought the same with reference to the third comet of 1825. 

• Bessel, in Aatr. Nachr., 1836, No. 30$^, s. 23 1 . Schum., JaArd., 1837, 
B. 175. See, also, Lehmann, Ud)er Cometenschweife (On the T^ils of 
domets), in Bode, Astron. Jahrb. fur 1826, s. 168. 

t Aristot., Meteor., i., 8, 11-14, und 19-21 (ed. Ideler, t. i., p. 32-34). 
Biese, PkU. des Ai-tstotde*, bd, ii., s. 86. Since Aristotle exercised so 
great an influence throughout the whole of the Middle Ages, it is very 
much to be regretted that he was so averse to those grander views of 
the elder Pythagoreans, which inculcated ideas so nearly approxima* 
ting to truth respecting the structure of the universe. He asserts that 
comets are transitory meteors belonging to our atmosphere in the veiv 
book in which be cites the opinion of the Pythagorean school, accord^ 
ing to which these cosmical bodies are supposed to be planets having 
long periods of revolution. (Aristot., i., 6, 2.) This Pythagorean doc- 
trine, which, according to the testimony of Apollonius Myndius, was 
still more ancient, having originated with the Chaldeans, passed over 
to the Romans, who in this instance, as was their usual practice, wer« 
merely the copiers of others. The Myudian philosopher describes the 
path of comets as directed toward the upper and remote regions of 
heaven. Hence Seneca says, in his Nat. Quatt., vii., 17: ** Comeie$ 
non est species faUay sed proprinm sidns sicut solis etluna: alUora munr 
di secat et tunc demum apparet quum in imum eursutn sui venU;" and 
again (at vii., 27), " Comeles atemos esse et sartis ejutdem, eujus €aier^ 
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The oecultation of the ibred stait by the nneleas of a eoift- 
et, or by its innermoBt vaporous envelopes, might throw some 
light on the i^ysical character of these w<Hiderful bodies ; but 
we are unfortunately defici^it in observations by which we 
may be assured* that the occnltation was perfectly central ; 
for, as it has already been observed, the parts of the envelope 
contiguous to the nucleus are alternately composed of layers 
of dense or very attenuated vapor. On the other hand, the 
carefully conducted measurements of Bessel prove, beyond all 
doubt, that on the 29th of September, 1835, the light of a 
star of the tenth magnitude, which was thod at a distance of 
7"*78 fiom the central pwnt of the head of Hallo's comet, 
passed through very dense nebulous matter, without experi- 
encing any deflection during its passage.! If such an absence 
of refracting power must be ascribed to the nucleus of a com- 
et, we can scarcely r^ard the matter composing comets as a 
gaseous fluid. The question here arises whether this absence 
of refracting power may not be owing to the extreme tenuity 
of the fluid ; or does the comet consist of separated particles, 
eonstituting a cosmical stratum of elouds, which, like the 
clouds of ova atmosphere, that exercise no influence on th& 

(tidera), etiamd faciem ttlU non hahent similem.^* Pliny (ii., 25) also re^ 
rere to ApoUonius Myndius, when he says, **8unt qtd et hcsc dderaper' 
petua esse eredant suoque ambiiu ire, sed non nisi relicta a sole eemi.** 

* Olbers, in Asir. Nachr., 1828, s. 157, 184. Arago, De la Constitu- 
Hon phyaque des Comites; Annuedre de 1832, p. 203, 208. The an- 
cients were strack by the phenomenon that it was possible to see 
through comets as through a flame. The earliest evidence to be met 
With of stars having been seen through comets is that of Democritua 
(Aristot., Meteor.., i., 6, 11), and the statement leads Aristotle to make 
the not unimportant remark, that he himself had observed the Occulta- 
tion of one of the stars of Gemini by Jupiter. Seneca only speaks de- 
cidedly of the transparence of the tail or comets. " We may see,** says 
he, <' stars through a comet as through a cloud {Jtfat. Quasi. j vii., 18) ; 
but we can only see through the rays of the tail, and not through the 
body of the comet itself: non in ea parte qjia sidus ipsum est spissi ei 
solidi ignis f sed qua rams splendor occurrit dt in erines dispergilur. Per 
intervalld igniuntf fion per ipsoSf vides** (vii., 26). The last remark is 
unnecessary, since, as Galileo observed in the SaggicUore (LeUera a 
Monsignor Cesarinit 1619), we can certainly see through a flame when 
it is not of too ^eat a thickness. 

t Bessel, in the Attron. Nachr., 1836, No. 301, s. 204, 206. Struve, 
in RecueU des M&m. de VAcad, de St. PeterA.^ 1836, p. 140, 143, and 
ABtr. Naekr., 1836, No. 303, s. 238, writes as follows: "At Dorpat the 
star was in conjunction only 2"'2 from the brightest point of the comet. 
Tbe star remained contiuually visible, and its light was not perceptibly 
'diminished, while the nucleus of the comet seemed to be almost eztin« 
guished before the radiance of the small star of the ninth or tenth mas- 
ttitude.** ^ 
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sentth distftnc^ of the Btais, does not afiect tlie raj of light 
passing through it ? In the passage of a comet over a star, a 
iQore or less o<Hi8iderable diminution of light has often been 
pbseiryed ; but this has been justly ascribed to the brightness 
of the ground from which the star seems to stand forth during 
the passage of the comet. 

The inost important and decisive observations that we po0- 
^ess on the nature and the light of comets are due to Arago's 
polcurizatioB experiments. His polarisoope instructs us re- 
garding the ' physical constitution of the Sun and comets, indi- 
cating whether a ray that reaches us from a distance of many 
millions of miles transmits light directly or by reflection ; and 
a the former, whether the source of light is a solid, a liquid, 
or a gaseous body. His apparatus was used at the Pcois Ob* 
servatory in examining the light of Capella and that of the 
great comet of 1819. The latter showed polarized, and there- 
fore reflected light, while the fixed star, as was to be expect- 
ed, appeared to be a self-luminous sun.* The existence of 
polarized cometary light announced itself not only by the in« 
equality of the images, but was proved with greater certainty 
on the reappearance of Halley's comet, in the year 1835, by 
the more striking ocaitrast of the complementary colors, de- 
duced from the 4p^ of chromatic polarization discovered by 
Arago in 1811. These beautiful experiments still leave it 
undecided whether, in' addition to this reflected solar lights 
comets may not have light of their own. Even in the casd 
^f the planets, as, for instance, in Venus, an evolution of in- 
dependent light seems very probable. 

The variable int^isity of light in comets can not always be 

* On the 3d of July, 1819, Arago made the first attebapt to analyze 
the light of comets by polarization, on the evening of the sudden ap- 
peai'ance of the great comet. I was present at the Paris Observatory, 
and was fully convinced, as were also Matthfeu and the late Bonvamy 
of the dissimilarity in the intensity of the light seen in the polariscop^^ 
when the instrument received cometary li^t. When it received ligh^ 
from Capella, which was near the comet, and at an equal altitude, the 
images were of equal intensi^. On the reappearance of Halley*s com- 
et in 1835, the instrument was altered so as to give, according to Ara^ 
go's chromatic polarization, two images of con^>lementary oolois (^reen 
and red). {Annates de Ckimie, t. xiii., p.'108 ; AnnuairCj 1832, p. 216.) 
« We must conclude from these observations," says Arago, " that the 
cometaiy light was not entirely composed of rays havkig tTO properties 
of direct light, there being light which was reflected specularly or po? 
larized, that is, coming from the sun. It can not be stated with ahaoi 
lute certainty that comets shine only with harrowed light, for bgdies. 
in becoming self-himinous, do not, <io, that aeoouat^ lose the power of 
reflecting foreign light.*' 

E8 
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eicplained by tHe position of their t>rbit8 iBind their distance from 
the Sun. It would seem to indicate, in some individuals, the 
existence of an inherent process of condensation, and an in- 
creased or diminished capacity of reflecting borrowed light. 
In the comet of 1618, and in that which has a period of three 
years, it was observed first by Hevelins that the nucleus of 
the comet diminished at its perihelion and enlarged at its 
aphelion, a fact which, afler remaining long unh^ed, was 
again noticed by the talented astronomer Valz at Nismes. 
The regularity of the change of volume, according to the di^ 
fei«nt degiees of distance from the Sun, appears very striking. 
The physical explanation of the phenomenon can not, howev 
er, be sought in the condensed layers of oosmical vapor occur^ 
ring in the vicinity of the Sun, since it is difficult to imagine 
the nebulous envelope of the nucleus of the comet to be vesic- 
ular and impervious to the ether.* 

The dissimilar eccentricity of the orbits d* comets has, in 
recent times (1619), in the most brilliant manner enriched our 
knowledge of the solar system. Encke has discovered the ex- 
istence of a comet of so short a period of revolution that it re- 
mains entirely within the limits of our planetary syitem, at- 
taining its aphelion between the orbits of the smaller planets 
and that of Jupiter. Its eccentricity must b4Bsumed at * 845, 
that of Juno (which has the greatest eccentricity of any of the 
planets) being 0*255. Encke's comet has several times, al- 
|;hough with difficulty, been observed by the naked eye, as in 
Europe in 1819, and* according to Hiimker, in New Holland 
in 1822. Its period of revolution is about 3Jd years ; but, 
from a careful comparison of ^e epochs of its return to its 
perihelion, the remarkable fact has been discovered that these 
periods have diminished in the most regular manner between 
the years 1786 and 1838, the diminution amounting, in the 
course of 52 years, to about ItV^ ^^7^* "^be attempt to 
bring into unison the results of observation and calculation in 
the investigation of all the planetary disturbances, with the 
view of explaining this phenomenoUi has led to the adoption 
of the very probable hypothesis that there exists dispersed in 
space a vaporous substance capable of acting as a resisting 
medium. This matter diminishes the tangential force, and 
with it the major axis of the comet's orbit. The value of the 
constant of the resistance appears to be somewhat difierent 
before and after the perihelion ; and this may, perhaps, be as- 

* Aiaflo, in the Aimwtire, 1832, p. 217-220. Sir John HerscheV 
4f<«m.7|488. 
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4srib6d to the altered form of the small nebulous star in tho 
vicinity of the Sun, and to the action of the unequal density 
pf the strata of cosmical ether.* These facts, and the inves- 
tigations to Mrhich they have led, helong to the most interest- 
ing results of modem astronomy. Encke's comet has heen 
the means of leading astronomers to a more exact investiga- 
tion of Jupiter's mass (a most important point with reference 
to the calculation of perturbations) ; and, more recently, the 
course of this comet has, obtained for us the first determina- 
tion, although only an approximative one, df a smaller mass for 
Mercury. 

The discovery of Encke's comet, which had a period of only 
3}d years, was speedily followed, in 1826, by that of another, 
Biela'^ comet, whose period of revolution is 6^th years, and 
which is likewise planetary, having its apheUon beyond the 
orbit of Jupiter, but within that of Saturn. It has a fainter 
light than Encke's. comet, and, like the latter, its motion is 
direct, while Halley's comet moves in a course opposite to that, 
pursued by the planets. Biela's comet presents the first cer- 
tain example of the orbit of a comet intersecting that of the 
Earth. This position, with reference to our planet, may there"* 
fore be productive of danger, if we can associate an idea of 
danger with so cjxtraordinary a natural phenomenon, whose 
history presents no parallel, and the results of which we are 
consequently unable correctly to estimate. Small masses en- 
dowed with enormous velocity may certainly exercise a con- 
siderable power ; but Laplace has shown that the mass of the 
comet of 1770 is probably not equal to t^^if^h of that of the 
Earth, estimating further with apparent correctness the mean 
mass of comets as much below Tir^'yinTt^ that of the Earth, 
or about t^'^t^J^ ^^^^ of the Moon.f We must not confound 
the passage of Biela's comet through the Earth's orbit with 
its proximity to, or collision with, our globe. When this pas^ 
sage took place, on the 29th of October, 1832, it required 9. 
full month before the Earth would reach the point of inter- 
section of the two orbits. These two comets of short period^ 
of revolution also intersect each other, and it has been justly 
observed,!: that amid the many perturbations experienced by 

* Encke, in th^ Attroriomische Nachrichten, 1843, No. 489, a. 130-13^. 

t Laplace, Expos, du Syst. du Monde, p. 216, 237. 

X Littrow, Beschreibende Astron., 1835, 8. 274. On the inner comet 
recently discovered by M. Faye, at the Observatory of Paris, and whose 
eccentricity is 0-551, its distance at its perihelion 1*690, aud its' distance 
at its aphelion 5-832, jsee Schumacher, Attron, Nackr,, J 844, No. 495« 
Begardmg the supposed identity of the comet of 1766 with ih» thix4 
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such small tMydies from the larger planets, there is a, passibtlity 
-—^supposing a meeting of these comets to occnr in October — 
that the inhabitants of the Earth may witness the extraordi- 
nary spectacle of an encounter between two cosmical bodies, 
and possiUy of their reciprocal penetration and amalgamation, 
or of their destruction by means of exhausting emanations. 
Events of this nature, resulting either from deflection occa- 
sioned by disturbing masses or primevally intersecting orbits, 
must have been of frequent occurrende in the course of mill- 
ions of years in the immeasurable regions c^ ethereal space ; 
but they must be regarded as isolated occurrences, exercising 
no more general or alterative efiects on cosmical relations than 
the breaking forth. or extinction of a volcano within the limit- 
ed sphere of our Earth. 

A third interior comet, having likewise a short period of 
revolution, was discovered by Faye on the 22d of November, 
1843, at the Observatory at Paris. Its elliptic path, which 
approaches much more nearly to a circle than that of any 
other known comet, is included within the orbits of Mars and 
Saturn. This comet, therefore, which, according to Gold- 
schmidt, passes beyond the orbit of Jupiter, is one of the few 
whose perihelia are beyond Mars. Its period of revolution is 
7^1^ years, and it is not improbable that the form of its pres- 
ent orbit may be owing to its great approximation to Jupiter 
at the close of the year 1839. 

If we consider the comets in their inclosed elliptic orbits as 
members of our solar system, and with respect to the length 
of their major axes, the amount of their eccentricity, and their 
periods of revolution, we shall probably find that the three 
planetary comets of Encke, Biela, and Faye are most nearly 
approached in these respects,- first, by the comet discovered in 
1766 by Messier, and which is regarded by Clausen as iden- 
tical with the third comet of 1819 ; and, next, by the fourth 
comet of the last-mentioned year, discovered by Blaupain, but 
considered by Clausen as identical with that of the year 1743, 
and whose orbit appears, like that of LexeU's comet, to have 
su^red great variations from the proximity and attraction of 
Jupiter. The two last-named comets wotdd hkewise seein to 
have a period of revolution not exceeding five or six years, and 
their aphelia are in the vicinity of Jupiter's orbit. Among 
the comets that have a period of revolution of from seventy to 

comet of 1819, see Aitr. Naehr., 1833, No. 239 ; and on the identity of 
the comet of 1743 and the fourth comet of 1 819, see No. 237 of the W 
iQMitioqAd work. 
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seTentynnx years, the fint in poiat of importance 'with respect 
to theoretical and physical astronomy is Halley's comet, whose 
last appearance, in 1835, was much less brilhant than was to 
be expected firom pi^eding ones; next we would notice Ol- 
bers's comet, discovered on the 6tii of March, 1815 ; and, 
lastly, the comet discovered by Pons in the year 1812, and 
Whose elliptic orMt has been determined by Encke. The two 
latter comets were invisible to the naked eye. We now know 
with certainty of nine returns of Halley's large comet, it hav- 
ing recently been proved by Laugier's calculations,* that in 
the Chinese table of comets, first made known to us by Ed- 
ward Biot, the comet of 1378 is identical with Halley's ; its 
periods of revolution have varied in the interval between 1378 
and 1835 from 7491 to 77-58 years, the mean being 761. 

A host of other comets may be contrasted with the cosmical 
bodies of which we have spoken, requiring several thousand 
years to perform their orbits, which it is difficult to determine 
with any degree of certainty. The beautiful comet of 1811 
requires, according to Argelander, a period of 3065 years fot 
its revolution, and tke colossal one of 1680 as much as 6800 
years, according to Bncke's calculation. These bodies respect- 
ively recede, therefore, 21 and 44 times further than Uranus 
firom the Sun, that is to say, 33,600 and 70,400 millions of 
miles. At this enormous distance the attractive force of the 
Sun is still manifested ; but while the velocity of the comet 
of 1680 at its perihelion is 212 miles in a second, that is, 
thirteen times greater than that of the Earth, it scarcely 
moves ten feet in the second when at its aphelion. This ve- 
locity is only three times greater than that of virater in our 
most sluggish European rivers, and equal only to half that 
which I have observed in the Cassiquiare, a branch of the 
Orinoco. It is highly probable that, among the innum^able 
host of uncalculated or undiscovered comets, there we many 
whose major axes greatly exceed that of the comet of 1680. 
In order to form- some idea by numbers, I do not say of the 
sphere of attraction, but of the distance in space of a fixed star, 
or other sun, fi«m the aphelion of the comet of 1680 (the fui^ 
thest receding cosmical body with which we are acquainted 
in our solar system), it must be remembered that, according 
to the most recent determinations of parallaxes, the nearest 
fixed star is full 250 times further removed from our sun than 
the comet in its aphelion. The comet's distance is only 44 

* Laugier, in the Comjttes Rendm des Siance$ de rAcademie,ASid, 
t xvi., p. 1006. 
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times that of Uranus, while a Centanri is 11,000, and 61 
Cygni 31,000 times that of Uranus, according to Bessel's de* 
terminations. 

Having coiisidered the greatest distances of comets from 
the central body, it now remains for us to notice instances of 
the greatest proximity hitherto measured. Lexell and Burck- 
hardt's comet of 1770, so celebrated on account of the disturb- 
ances it experienced firom Jupiter, has approached the Earth 
within a smaller distance than any other comet. On the 28th 
of June, 1770, its distance from the Earth was only six times 
that of the Moon. The same comet passed twice, viz., in 
J 769 and 1779, through the system of Jupiter's four satellites 
without producing the slightest notable change in the well- 
known orbits of these bodies. The great comet of 1680 ap- 
proached at its perihelion eight or nine times nearer to the 
surface of the Sun than Lexell's comet did to that of our 
£arth> being on the 17 th of December a sixth part of the 
Sun's diameter, or seven tenths of the distance of the ]V][oon 
from that luminary. Fehhelia occurring, beyond the orbit of 
Mars can seldom be observed by the inhabitants of the Earth, 
owing to the faintness of the light of distant comets ; And 
among those already calculated, the comet of 1729 is the only 
one which has its perihelion between the orbits of Pallas and 
Jupiter ; it was even observed beyond the latter. 

Since scientific knowledge, although frequently blended with 
vague and superficial views, has been more extensively difiused 
through wider circles of social hfe, apprehensions of the possi- 
ble evils threatened by comets have acquked more weight as 
their direction has become more definite. The certainty that 
there are within the known planetary orbits comets which re- 
visit our regions of space at short intervals — that great dis- 
turbances have been produced by Jupiter and Saturn in their 
orbits, by which such as were apparently harmless have been 
converted into dangerous bodies— the intersection of the Earth's 
orbit by Biela's comet— the cosmical vapor, which, acting as 
a resisting and impeding medium, tends to contract all orbits 
— ^the individual difference of comets, which would seem to 
indicate considerable decreasing gradations in the quantity of 
the mass of the nucleus, are all considerations more than equiv- 
alent, both as to number and variety, to the vague fears en- 
tertained in early ages of the general conflagration of the world 
hy flaming swordSy and stars "with flery streaming hair. As 
the consolatory considerations which may be derived from the 
calculus of probabilities address themselves to reason and to 
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meditative undexstaiiding onlfs and not to the imaginatioii or 
to a desponding condition of mind, modem science has beea 
accused, and not entirely without reason, of not attempting to 
allay apprehensions which it has heen the very means of ex- 
citing. It is an inherent attribute of the human mind to ex- 
perience fear, and not hope or joy, at the aspect of that which 
is unexpected and extraordinary.* The strange form of a large 
Qomet, its iaint nebulous light, and its sudden appearance in 
the vault of heaven, have in all regions been almost invariably 
regarded by the people at large as some new and formidable 
agent inimical to the existing state of things. The sudden 
occurrence and short duration of the phenomenon lead to the 
belief of some equally rapid reflection of its agency in terre»- 
trial matters, whose varied nature renders it easy to find events 
that may be regarded as the fulfillment of the evil ibretold by 
the appearance of these mysterious cosmical bodies. In our 
own day, however, the public mind has taken another and 
more cheerful, although singular, turn with regard to comets ; 
and in the German vineyards in the beautiful valleys of the 
Rhine and Moselle, a belief has arisen, ascribing to these oncS 
ill-omened bodies a beneficial influence on the ripening of the 
vine. The evidence yielded by experience, of which there is 
no lack in these days, when comets may so frequently be ob* 
served, has not been able to shake the common belief in the 
meteorological myth of the existence of wandering stars capa- . 
ble of radiating heat. 

Prom comets I would pass to the consideration of a far more 
enigmatical class of agglomerated matter — ^the smallest of all 
asteroids, to which we apply the name aerolites, or meteoric 
stones,f when they reach our atmosphere in a fragmentary 
condition. If I should seem to dwell on the specific enumer- 
ation of these bodies, and of conoets, longer than the general 
nature of this work might warrant, I have not done so unde- 
signedly. The diversity existing in the individual character- 
istics of comets has already been noticed. The imperfect 
knowledge we possess of their physical character renders it 

* Fries, Vorlesungen Uber die Sternkunde, 1^33, s. 262-267 (Lectares 
on the Science of Astronomy). An infelicitoosly chosen instance of the 
good omen of a comet may be found in Seneca, Nat. Quatt.^ vii., 17 and 
21. The philosopher thus writes of the comet: " Quern not Neronu 
prineipatu ItUitnmo vidimu$ et qui cometU detraxit infamiam.^^ 

t [Much valuable iutbrmation may be obtained regarding the origin 
and composition of aSrotites or meteoric stones in Memoirs on the sub- 
ject, by Baumbeer and other writers, in the numbers of JPogjgendorf's 
AmuUenf from 1845 to the present time.]-— TV* 
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dilfllsult, in a work like the present, to give the proper degfiea 
of circumstantiality to the phenomena, which, although of 
frequent recurrence, hare been observed with ftuch various de* 
grees of accuracy, or to separate the necessary from the acci* 
dental. It is only with respect to measurements and compu^ 
tations that the astrcmomy of comets has made any marked 
advane^nent, and, consequently, a sci^ati^ consideration of 
these bodies must be limited to a specification of the diOiexencefl 
of physiognomy and conformation in the nucleus emd tail, the 
instances of great approximation to other cosmical bodice, imd 
of the extremes in the length of their orbits and in their period0 
of revolution. A faithful delineation of these j^enomena, as 
Well as of those which we proceed to consider, can only be 
given by sketching individual features with the animated cir* 
cnmstantiality of reality. 

Shooting stars, fire-balls, and meteoric stones are, with great 
probability, regarded as small bodies moving with planetary 
velocity, and revolving in obedience to the laws of general 
gravity in conic sections round the Sun. When these masses 
meet the Earth in their course, and are attracted by it, they 
enter within the limits of our atmosphere in a luminous con* 
dition, and frequently let fall more or less strongly heated atony 
fragments, covered with a shining black crust. When we 
enter into a careful investigation of the facts observed at those 
epochs when showers of shooting stars fell periodically in Cu- 
majia in 1799, and in North America during the years 1833 
and 1834, we shall find thaX Jire-balls can not be considered 
separately from shooting stars. Both these phenomena are 
frequently not only simultaneous and blended together, but 
they likewise are often found to merge into one another, the 
one phenomenon gradually assuming the character of the other 
alike with respect to the size of their disks, the emanation of 
sparks, and the velocities of their motion. Although explod- 
ing smoking luminous fire-balls are sometimes seen, even in 
the brightness of tropical daylight,* equaling in i^ze the ap- 

* A friend of mine, much accustomed to exact trigonometrical meas- 
urements, was in the year 1788 at Popayan, a city which is 2® 26' 
north latitude, ly\us at an elevation of 5583 feet above the level of the 
sea, and at noon, when the sun was shining brightly in a cloudless sky, 
saw his room lighted up by a fire>ball. He had his back to the window 
at the time, ana on turning round, perceived that great part of the path 
traversetl by the fire-ball was still illuminated by the brightest radiance. 
Different nations have had the most various terms to express these phe- 
nomena: the Germans use the word Sternachnuppei literally star tnit/f 
' —an expression well suited to the phyncal views of tiie yalgaor in fomwr 
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|Mrnit diameter of tbe Moon, inntinierBble qutotities of shoot- 
ing tieas have, on the other hand, been observed td fall in 
fcrms of such extremely small dimensions that they appear 
only as moving plants or phosphorescent lines.* 

It still remains undetermined whether the many luminous 
bodies that shoot aeross the sky may not vary in their nature. 
On my return from the e<}uinoctial zones, I was impressed 
with an idea that in the torrid regions of the tropics I had 
more frequently than in otir colder latitudes seen shooting 
stars fall as if from a height of twelve or fifteen thousand feet ; 
that they were of brighter eolors, and left a more brilliant line 
of light in their track ; but this impression was no doubt owing 
to the greater transparency of the tropical atmosphere,t which 

timea, acccnnding to which, the lights in the finnament were and to noder- 
go a process of tnuMng or cleaning ; aod other nations generally adopt a 
term expressive ot a shot or fall of stars, as the Swedish stjemifallf the 
Italian HeUa eadeniBf and tile English star shoot. In the woodr district 
of the Orinoco, on the dreary banks of the Cassiqaiare, I heard the na- 
lives in the Mission of Vasiva nse terms still more inelegant than the 
German star snuff. {Relation Hisiorique du Voy. aux Regions Equinox., 
1 ii., p. 513.) These same tribes term the pearly drops of dew which 
cover the beautifal leaves of the heUconia star spit. In the Lithuanian 
mythology, tlie ima^ation of the people has embodied its ideas of the 
nature and signification of falHng stars nnder noblet and more graceful 
•vmbols. The Parcae, Werpejaf weave in heaven for the new-bom 
ciiild its thread of fate, attaching each separate thread to a star. When 
death approaches the person, tl^ thread is rent, and the star wanes and 
ginks to the earth. Jacob Grimm, Deutsche Mythologies 1843, s. 685. 

* According to the testimony of Professor Denison Olmsted, of Yale 
OoDege, New Haven, Oonnecticnt. (See Poffgend. , Annalen der Physik, 
bd. XXX., s. 194.) Kepler, who excluded m-e-balls and shooting stars 
from the domain of astronomy, because they were, according to his 
views, " meteors arising from the exhalations of the earth, ana blend- 
ing with the higher ether," expresses himself, however, generally with ' 
mach caution. He says : '' Stella eadentes sunt materia tiscida inflame 
fnata. Earum aliqna inter cadendum absumunturj aligtUB veri in terram 
eadunit ponder6 sua tracta. Nee est dissimile veroj quasdam eonglohatas 
esse ex materia fteeulentdj in ipsam auram atheream immixta : exqtte 
stithefris regione, traciu rectUineOf per aSrem trajieerCt ceu minutos com- 
BtaSf oecultd cansa mottts utrorumque"--'Kep[er, Epit. Astron. Coper^ 
nicana, t. i., p. 80. 

t RdaJtion Historicfue, t. i., p. 80, 213, 527. If in falling stars, as in 
comets, we distingqish between the head or nucleus and the tail, we 
shall find that the greater transparency of the atmosphere in tropical 
climates is evinced in the greater length and brilliancy of the tail \^ich 
may be observed in those latitudes. The phenomenon is therefore not 
necessarily more frequent there, because it is oftener seen and contin- 
ues longer risible. The influence exercised on shooting stars by the 
character of the atmosphere is shown occasionally even in our temper- 
ate zone, and at very small distances apart. Wartmann relates that on 
the occasion of a November phenomenon at two places lying very neai* 
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enables the eye to penetrate further into distance. Sir Aleac* 
ander Bumes likewise extols as a oonsequenoe of the purity of 
the atmosphere in Bokhara the enchanting and constantly-re- 
curring spectacle of variously-colored shooting stars. 

The connection of meteoric stones with the grander phe- 
nomenon of fire-balls — the former being known to be project- 
ed from the latter with such force as to penetrate liom ten 
to fifteen ^t into the earth — has been proved, among many 
other instances, in the falls of aerolites at Barbotan, in the 
Department des Landes (24th July, 1790), at Siena (IGOi 
June, 1794), at Weston, in Connecticut, U. S. (14th Decem- 
ber, 1807), and at Juvenas, in the Department of Ardeche 
(15th June, 1821). Meteoric stones are in some instances 
thrown from dark clouds suddenly formed in a clear sky, and 
fall with a noise resembling thunder. Whole districts have 
thus occasionally been covered with thousands of fragmentary 
masses, of uni^^rm character but imequal magnitudes, that 

each other, Greneva and Aux Flanchettes, the number of the meteon 
counted were as 1 to 7. (Wartmann, Mim. tur leg EtoUet filanlety p. 
17.) The tail of a shooting star (or its train), on the subject of wbich 
Brandes has made so many exact and delicate observations, is in no 
way to be ascribed to the continuance of the impression produced by 
light^ on the retina. It sometimes continues visible a whole minute, 
and in some rare instances lonser than the light of the nucleus of the 
shooting star; in which case ttie luminous track remains motionless. 
(Gilb., Ann.f bd. xiv., s. 251.) This circumstance further indicates the 
analogy between large shootmg stars and fire>baUs. Admiral Krusen- 
stern saw, in his voyage round the world, the train of a fire-ball shine 
for an hour after the luminous body itself had disappeared, and scarce- 
ly move throughout the whole time. (^Reisef th. i., s. 58.) Sir Alex- 
ander Bumes gives a charming description of the transparency of the 
clear atmosphere of Bokhara, which was once so favorable to the pur* 
. suit of astronomical observations. Bokhara is situated in 39^ 43' norlii 
latitude, and at aqi elevation of 1280 feet above the level of the sea* 
" There is a constant serenity in its atmosphere, and an admirable clear- 
ness in the sky. At night, the stars have uncommon luster, and the 
Milky Way.shmes glorioosly in the firmament. There is also a never- 
ceasing display of the most brilliant meteors, which dart Uke rockets 
in the sky; ten or twelve of them are sometimes seen in an hour, as- 
suming every color — ^fiery red, blue, pale, and faint. It is a noble 
country for astronomical science, and great must have beeQ the ad- 
vantage enjoyed by the famed observatory of Samarkand.^' (Bumes, 
Travels into Bokhara, vol. ii. (1834), p. 158.) A mere traveler most 
not be reproached for callin|r ten or twelve shooting stars in an hour 
" many," since it is only recently that we have learned, from careful 
observations on this subject in Europe, that eight is the mean number 
which may be seen in an hour in the field of vision of one individual 
TQuetelet, Corresp. Mathim,, Novem., 1837, p. 447); this number is, 
nowever, limited to five or six by that diligent observer, Olbers. 
(Schum., Jdkrb., 1838, s. 325.) 
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haire been hurled from one of these moving clouds. In less 
frequent cases, as in that which occurred on the 16th of Sep^ 
temher, 1843, at Kleinwenden, near Miihlhausen, a large 
aerolite ML with a thundering crash while the sky was clear 
and cloudless. The intimate affinity between fire-balls and 
shooting stars is further proved by the fact that fire-balls, from 
which meteoric stones have been thrown, have occasionally 
been found, as at Angers, on the 9th of June, 1822, having a 
diameter scarcely equal to that of the small fire-works called 
Roman candles. 

The formative power, and the nature of the physical and 
chemical processes involved in these phenomena, are questions 
all equally shrouded in mystery, and we are as yet ignorant 
whether the particles composing the dense mass (^ meteoric 
stones are originally, as in comets, separated from one another 
in the form of vapor, and only condensed vtdthin the fiery ball 
when they become luminous to our sight, or whether, in the 
case of smaller shooting stars, any compact substance actually 
falls, or, finally, whether a meteor is composed only of a smoke- 
like dust, containing iron and nickel ; while we are wholly 
ignorant of what takes place within the dark cloud from which 
a noise like thunder is often heard for many minutes before 
the stones fall.* 

* On meteoric diutf see Arago, in the Annuaire for 1832, p. 254. I 
have very recently endeavored to show, in anoUier work {Aue Cenirale, 
t. i., p. 408), how the Scythian saga of the sacred gold, which fell burn- 
ing from heaven, and remained in the possession of the Golden Horde 
of the ParalatiB (Herod., iv., 5-7), probably originated in the vague rec- 
ollection of the fall' of an aerolite. The ancients had also some strange 
fictions (Dio Cassius, Ixxv., 1259) of silver which had fallen from heav- 
en, and with which it had been attempted, under the Emperor Seve- 
rus^ to cover bronze coins ; metallic iron was, however, known to exist 
in meteoric stones. (Plin., ii., 56.) The frequently-recurring expres- 
sion lapidibua pluU must not always be understood to refer to faUs of 
aerolites. In Liv., xxv., 7, it probably refers to pumice (rapilli) eject- 
ed from the volcano, Mount Albanus (Monte Cavo)» which was not 
wholly extinguished at the time. (See Heyne, Oputeula Acad., t. iii., 
p. 261 ; and my Relation Hist,, t. i., p. 394.) The contest of Hercules 
with the Ligyans, on the road from the Caucasus to the Hesperides, 
belongs to a diflforent sphere of ideas, being an attempt to explain myth- 
ically the origin of the round quartz blocks in the Ligyan field of stones 
at the mouth of the Rhone, which Aristotle suppoaes to have been eject- 
ed from a fissure during an earthquake, and Posidonius to have been 
catised by the force of the waves of an inland piece of water. ' In the 
fragments that we still possess of Ihe play of ^scbylus, the Prometheus 
Delivered^ every thing proceeds, however, in part of the narration,, as 
in a fall of aerolites, for Jnpiter draws together a cloud, and causes the 
*^ district around to be covered by a shower of roqnd stones." Fosid^- 
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Wet can aseertaia by measurement the enormoua, irondeiC 
ful, and wholly planetary velocity of ahooting ataxs, fire-balia, 
and meteorie stones, and we can gain a knowledge of what is 
the general and uniform character of the phenomencm, bat 
not of the genetically cosmical process and the results of the 
metamorphoses. If metecNric stones while revolTing in space 
are already consolidated into dense masses,* less doose, how- 

niu8 even yentured to deride the geognostic myth of the blocks and 
ttone». The Lygian field of stones was, however, very naturally and 
well described by the ancients. The district is now known as La Crait, 
(See Gaerin, Meturts BaronUtriquet dan* les Alpu, et M6Uorol6gic 
d'Avignout 1829, chap, xii., p. 115.) 

* The specific weight of aerolites varies from 1*9 (Alais^ to 4*3 
(Tabor). Their general density may be set dovra as 3, water beiDg \, 
As to what has been said in the text of the actual diameters of fire*b«dlft, 
we must remark, that the numbers have 'been taken from the few 
measurements that can be relied upon as correct. These give for the 
fire-ball ef Weston, Connecticut (14th December, 1807), only 500; for 
that observed by Le jtoi (10th July, 1771) about 1000, and for that 
estimated by Sir Oharles Blagden <18th January^ 1783) 2600 feet in 
diameter. Brandos (^UnterhdUungenf bd. i., s. 42) ascribes a diameter 
varying from 80 to 120 feet to shooting stars, and a luminous train er> 
tending from 12 to 16 miles. There are, however, ample optical can^ 
es for supposing that the apparent diameter of fiie-baUs and shooting 
.stars has. been very much overrated. The volume of the largest fire- 
ball yet observed Can not be compared with that of Ceres, estimating 
this planet to have a diameter of only 70 English miles. (S^ee the 
generally so exact and admirable treatise, On the ConnecHon of the 
Physical Sciences, 1835, p. 411.) With the view of eloeidatine What 
has been stated in the text regarding the large aerolite that fell into 
the bed of the River Nami, but has not again been foand, I will give 
the passage made known by Pertz, from the Chronictm BenedicHy Mon^ 
txchi Saneti Andrea in Mcnte Soracte, a MS. belonging to tbe tenth 
century, and preserved in the Chigi Library at Rome. The barbarous 
Latin of that age has been left unchanged. "Anno 921, temporibu$ 
domvu Johannis Deeind pope, in anno fxmtijicatus OHitt 7 mta sunt tig- 
no, NcMi jtuBta urbem Romam lapides plurimi de ecUo eadere visi sunt. 
In civUate qnas bocatur Namia tarn diri etc ietri, ut nihil oHud eredatur, 
quam de infemalibtts locis deducti essent. Nam Ua ex iUis lapidibnu 
ftmu omnium maxim/us est, ut deeidens in finmen Namus, ad mensuram 
unius eubitisfoper aquas Jluminis ttsque kodie tfidereHtr. Nam H ignita 
faeula de emlo piurima omnibus in hoe eivitate Romani populi vis0 sma, 
ita ut pene terra contingereL Alia eadenieSf" A». (Pertz, Momim, 
Oerm. Hisi. Seriptores, t. iii., p. 715.) On the aerolites of JEgos Pota- 
mos^ which fell, according to the Parian Chronicle, m the 78 1 Olym- 
piad, see B6ckh, Corp. Inscr^ Oraee., t. ii., p. 302, 320, 340; also Aria- 
tot., Meteor.y i., 7 (Meier's Comm., t. i., p. 404-407) ; Stob., Eel Phys., 
i, 25, p. 508 (Heeren); Plot., Jt^s., c. 12; Diog. Laint., ii., 10; and 
see, also, subsequent notes in this work. According to a Mongolian 
tradition, a black fragment of a rock, forty feet in height, fell from 
heaven on a plain near the source of the Great Yellow River in West- 
ern China. (Abel E^musat, in Lamfttherie, Jour, de Phys., 1819, Mai, 
p. 264.) 
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«ver, than the mean density of the eartb; they mufit be vwy 
small nuclei, which, surrounded by inflammable vapor or gtm, 
form the innermost part of fire-baUs, from the height and ap- 
parent diameter of which we may, in the case of the largest, 
estimate that the actual diameter varies from 60Q to about 
2800 feet. The largest meteoric masses as yet known are 
those of Otumpa, in Cha^, and of Bahia, in Brazil, described 
by Rubi de Celis as being from 7 to 7^ feet in length. The 
meteoric stone of iEgos Potamos, celelnrated in antiquity, and 
even mentioned in the Chronicle of the Parian Marbles, which 
fell about the year in which Socrates was born, has been de^ 
scribed as of the size of two mill-stones, and equal in weight 
to a full wagon load. Notwithstanding the failure that has 
attended the e^rts of the African traveler, Brown, I, do not 
wholly relinquish the hope that, even afrer the lapse of 2312 
years, this Thracian meteoric mass, which it woidd be so diJ^ 
ficult to destroy, may be found, since the region in which it 
fell is now become so easy of access to European travelers. 
The huge aerolite which in the beginning of the tenth centu- 
ry fell into the river at Narni, projected between three and 
four feet above the surface of the water, as we learn from a 
document lately discovered by Pertz. It must be remarked 
that these meteoric bodies, whether in ancient or modem times, 
can only be regarded as the principal fragments of masses that 
have been bidden up by the esqpjosion -either of a fiie-ball or 
a dark cloud. 

On considering the enormous velocity with which, as has 
been mathematically proved, meteoric stones reach the earth 
from the extseanoBt conges of the atmosphere, and the length- 
ened course traversed by fire-balls through the denser strata 
of the air, it seems more than improbable that these metallif- 
erous stony masses, oontaining perfectly-formed crystals of oli- 
vine, labradorite, and pyroxene, should in so short a period of 
time have been converted from a vaporous condition to a|K>lid 
nucleus. Moreover, that which fefls from meteoriQ masses, 
even where the internal composition is chemically difiefent, 
exhibits almost always the peculiar chazacter of a fragment, 
being of a prismatic or truncated pyramidal form, with broad, 
somewhat curved faces^ and rounded angles. But whence 
eomes this form, which was first recognized by Schreiber as 
characteristic of the severed part of a rotating planetary body 1 
Here, as in the sphere of organic life, idl that appertains to 
the history of development remains hidden in obscurity. Me- 
teoric masses become luminous and kindle at heights which 
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must be legarded as almost devoid of air, or occupied by an 
atmosphere that does not eren contain TTrirVu^'t^ P^^t of oxy- 
gen. The recent investigations of Biot on the important phe^ 
nomenon of twilight* have oonaderably lowered the lines 
which had, perhaps with some degree of temerity, been usual- 
ly termed the b6andaries of the atmosphere; but processes of 
light may be evolved independently of the presence of oxygen, 
and Poisson conjectured that aerolites were ignited far beyond 
the range of our atmosphere. Numerical calculation and geo- 
metrical measurement are the only means by which, as in the 
case of the larger bodies of our solar system, we are enabled to 
impart a firm and safe basis to our investigations of meteorio 
stones. Although Halley pronounced the great fire-ball of 1 686, 
whose motion was opposite to that of the earth in its orbit,t to 
be a eosmical body, Chladni, in 1794, first recognized, with 
ready acuteness of mind, the connection between fire-balls and 
the stones projected from the atmosphere, and the motions of the 
former bodies in space. t A brilliant confirmation of the eos- 
mical origin of these phenomena has been afibrded by Denison 
Ohnsted, at New Haven, Connecticut, who has shown, on the 
concurrent authonty of all eye-witnesses, that during the cele- 
brated fall of shooting stars on the night between the 12th 

♦ Biot, Traiti WAatronomie Physique (3^me 6d.), 1841, 1. 1., p. 149, 
177, 238, 312, My lamented friend Poisson endeavored, in a singular 
manner, to solve the difficulty attending an assumption of the sponta- 
neous ignition of meteoric stones at an elevation where the density of 
the atmosphere is almost null. These are hi« words : " It is difficult to 
attribute, as is usually done, the incandescence of aerolites to friction 
against the molecules of the atmosphere at an elevation above the earth 
where the density of the air is almost null. Ma^ we not suppose that 
the electric fluid, in a neutral condition, forms a kind of atmospnere, ex- 
tending far beyond the mass of our atmosphere, yet subject to terres- 
trial attraction, although physically imponderable, and consequently 
follovnng our globe in its motion? According to this hy^thesis, thd 
bodies of which we have been speaking would, on entering this im- 
ponderable atmosphere, decompose the neutral fluid by their unequal 
action on the two electricities, and they would thus be heated, and in 
•a state of incandescence, by becoming electrified." (Poisson, Reck, ewr 
2a ProhahUtU de$ Jugementa, 1837, p. 6.) 

t PkUoa, Transact,, vol. xxix., p. lfil-163. 

i The first edition of Chladni's important treatise, Ueber den Ur- 
sprung der von Patlas gefundenen und anderen Eisenmaasen (On the 
Origin of the masses of m>n found by Pallas, and other similar masses), 
appeared two months prior to the dbower of stones at Siena, and tv^o 
years before Lichtenberg stated, in the Gdttingen Ttuchenbuchf that 
'< stones reach our atmosphere from the remoter regions of space." 
Comp., also, Olbers*s letter to Benzenberg, 18th Nov., 1837, in Ben- 
zonberg's Treatise on Skotyting Stars, p. 186. 
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and 13th of November, 1833, the fire-balls and shooting stars 
all emerged from one and the same quarter of the heavens, 
namely, in the vicinity of the star y in the constellation Leo, 
and did not deviate from this point, although the star changed 
its apparent height and azimuth during the time of the observ- 
ation. Such an independence of the Earth's rotation shows 
that the luminous body must have reached our atmosphere from 
without. According to Encke's computation* of the whole 

* Encke, in Toggend^ Annalerif bd. xxziii. (1834), s. 213. Arago^ 
in the Annuaire for 1836, p. 291. Two letters which I wrote to Ben- 
zenberg, May 19 and October 22,^ 1837, on the conjectural precession 
of the nodes in the orbit of periodical falls of shooting stars. (Benzen- 
berg's 8lemsch,f S. 207 and 209.) Olbers subsequently adopted this 
opinion of tbe gradual retardation of the November phenomenon. 
(Astron. Naehr.f 1838, No. 372, s. 180.) If I may venture to combine 
two of the falls of shooting stars mentioned by the Arabian writers 
with the epochs found by Bognslawski for the fourteenth century, I 
obtain the following more or less accordant elements of the movements 
of the nodes : 

In Oct., 902, on the night in which King Ibrahim ben Ahmed died, 
there fell a heavy shower of shooting stars, " like a fieiy rain ;*^ and 
this year was, therefore, called the year of stars. (Conde, Hi$6. de la 
Domih, de los ArcAes, p. 346.) 

On the 19th of Oct., 1202, the stars were in motion all night. " They 
fell like locusts." {Comptes Reridust 1837, t. i., p. 294 ; and Frsehn, in 
the Bull, de VAcadimie de St. PStersbourg, t. iii., p. 308. ^ 

On the 21st Oct., O.S., 1366, " die sequentepostfeslum XL millia Vir^ 
ginum €tb hora matutiria usque dd horam primam vita tunt quati tielUB 
de ccbIo cadere continuo, et in tanta multUudinet quod nemo narrare ntf 
fieity This remarkable notice, of which we shall speak more fully in 
the subsequent part of this work, was found b^ the younger Von Bo- 
gnslawski, in Beuesse (de Horowic) de Weitmil or Weithmfll, Ckron- 
icon Ecdetia Pragen»»t P* 389. Tnis chronicle may also be found in 
the second part of Scriptorea rerum Bphemiearumt oy Pelzel and Do- 
browsky, 1784. (Schum., Astr, Nachr.j Dec, 1839.) 

On the night between the 9th and 10th of November, 1787, many fall- 
ing stars were observed at Manheim, Southern Germany, by Hemmer. 
(Klimtz, Meteor., th. iii., s. 237.) 

After midnight, on the 12th of November, 1799, occurred th© extra- 
ordinary fall of stars at Cumana, which Bonpland and myself have de- 
scribed, and which was observed over a great part of the earth. (Relat* 
Hist., t. i., p. 519-527.) 

Between the 12th and 13th of November, 1822, shooting stars, inteiv 
taiingled with fh«-balls, were seen in large numbers by Kloden, at 
Potsdam. (Gilbert's Ann., bd. Ixxii., s. 291.) 

On the 13th of November, 1831, at 4 o'clock in the morning, a great 
shower of falling stars was seen by Captain Bjlrard, on the Spanish 
' coast, near Garthagena del Levante. {Annuaire, 1836, p. 297.) 

In the night between the 12th and 13th of November, 1833, occurred 
the phenomenon so admirably described by Professor Olmsted, in 
Norta America. 

In the night of the ia-I4th of Norember, 1934, a nmaar fidl of shoot- 
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aumber of obaervationi made in the United States of Nartl| 
America, between the thirty-fifth and the forty-second degrees 
/ of latitude, it would appear that all these meteors came from 

/ the same point of space in the direction in which the Earth 

was moving at the time. On the recurrence of falls of shoot- 
ing stars io. North America, in the month of November of the 
years 1834 and 1637, and in the analogous falls observed at 
Bremen in 1838, a like general parallelism of the orbits, and 
the same direction of the meteors from the constellation Leo, 
were again noticed. It has been supposed that a greater 
parallelism was observable in the direction of periodic falls of 
shooting stars than in those of sporadic occurrence ; and it has 
further been remarked, that in the periodically-recurring falls 
in the month of August, as, for instance, in the year 1839, the 
meteors came principally from one point between Perseus and 
Taurus, towa^ the latter of which constellations the Earth 
was then moving. This pecuharity of the phenomenon, mant* 
fested in the retrograde direction of the orbits in November 
and August, should be thoroughly investigated by accurate 
observations, ia order that it may either be fiiUy confirmed or 
refuted. 

The heights of shooting stars, that is to say, the heights of 
the points at which they begin and cease to be visible, vary 
exceedingly, fluctuating between 16 and 140 miles. This 
important result, and the enormous velocity of these problem- 
atical asteroids, were first ascertained by BenzenWg and 
Brandos, by simultaneous observations and determinations of 
parallax at the extremities of a base line of 49,020 feet in 
length.* The relative velocity of motion is from 18 to 36 
miles in a second, and consequently equal to planetary velocity. 
This planetary velocity,! as well as the direction of the orbits 
iu^ stars -was seen in North America, although the numbers were not 
quite so considerable. (Poggend., Atmalen/bd. xxxiv., s. 129.) 

On the 18th of November, 1835, a bam was set on fire by the fall of 
a sporadic fire-ball, at BeUey, in the Department de VAixu (Anmtaire, 
J836, j>. Si96.) 

In tne year 1838, the stream showed itself most decidedly on the 
Bight q£ the 13*14ch of Noyemb^. {Attron. Nachr., 1838, No. 372.) 
. * I am well aware that, among the 62 shooting stars simultaneously 
observed in Silesia, in 1823, at the suggestion of Professor Branded 
some appeared to have an elevation of 183 to 240, or even 400 mUes. 
([Brandos, UnUrhdUungettf&r Freunde der Astronamie und Phfsik, heft 
i., s. 48. Instractive Narratives for. the Lovers of Astronomy and Fhy»» 
ics.) But (Hbers considered that all determinations for elevations be- 
yond 120 miles most be doubtful, ovnng to the smallness of the parallax. 

t The planetaiy velocity of translation, the movement in the orbit, is 
JA Mercury 26*4, m Venus 19*2, and in the Sarth 16*4 miles in a second. 



Digitized by VjOOQ IC 



AEROLITES. 121 

of fire-balls and shooting stais^ which hais frequently been ob- 
served to be opposite to that of the Earth, may be considered 
as conclusive arguments against the hypothesis that aerolites 
derive their origin from the so-called active lunar vcloanoes. 
Numerical views regarding a greater or lesser Tolcanic force 
on a small cosmical body, not surrounded by any atmosphere, 
must, from their nature, be whoUy arbitrary. We may imag- 
ine the reaction of the interior of a planet on its crust ten or 
even a hundred times greater than that of our present terres- 
trial volcanoes ; the direction of masses projected from a satel- 
lite revolving from west to east might appear retrogressive^ 
owing to the Earth in its orbits subsequently reachmg that 
point of space at which these bodies fall. If we examine ihe 
whole sphere of relations which I have touched upon in this 
work, in order to escape the charge of having made unproved 
assertions, we shall £nd that the ]bypothesis of the selenic ori- 
gin of meteoric stones* depends upon a nnmbeif of conditions 

♦ Ohladai states that an Italiaa physicist, Paolo Maria Terzago, on 
the occasion of the fall of an aerolite at Milan io 1660, by Which a Fran- 
ciscan monk was killed, was the first who surmised that aerolites were 
of selenic origin. He says, in a memoir entitled Mtuitum SeptdUawumt 
Manfredi Septalce, Patricii Mediolanenxis^ industrioso labor e eonstructum 
(Tortona, 1664, p. 44), "Labant pkUosopkorikm metOet tub horum lapidum 
ponderibu$; m dicitt velimus, lunam ierram cUteramf sine mundum esse, 
eso cujus mantibus dwisafrustra in inferior em nostrum hune orbem delu" 
bantur.*' Without any previous knowledge of this coigecture, Olbers 
was led, in the year 1795 (after the celebrated fisdl at Siena on the 16th 
of June, 1794), into an investigation of the amount of the initial tangen- 
tial force that would be requisite to bring to the Earth masses project- 
ed from the Moon. This ballistic problem occupied, during ten or 
twelve years, the attention of the geometricians Laplace, Biot, Brandos, 
and PoisBon. The opinion which was then so prevalent, but which has 
since been abandoned, of the existence of active volcanoes in the Moon, 
where air and water are absent, led to a confusion in the minds of the 
generality of persons between mathematical possibilities and physical 
probabilities. Olbers, Brandes, and Ohladni thought " that the velocity 
of 16 to 32 miles, with which fire-balls and shooting, stars entered our 
atmosphere," furnished a refutation to the view of their selenic ori^. 
According to Olbers, it wonld require to reach the Earth, setting aside 
the resistance of the air, an initial velocity of 8292 feet in the second ; 
according to Laplace, 7862 ; to Biot, 8282 ; and to Poisson, 7595. La* 
place states that this velocity is only five or six times as great as that of 
a cannon ball; but Olbers has shown " that, vnih such an initial veloc- 
ity as 7500 or 8000 feet in a second, meteoric stones would arrive at the 
surface of our earth with a velocity of only 35,000 feet (or 1-63 German 
geographical mile). But the measured velocity of meteoric stones av- 
erages five such males, or upward of 114,000 feet to a second ; and, 
consequently, the original velocity of projection from the Moon must 
be. almost 110,000 feet, and therefore tourteen times greater than La- 
place asserted." (Olbers, in Siihum., Jakrb,, 1837, p. 52-58; and in 
Vol. I.— F 



Digitized by VjOOQ IC 



122 COSMOS. 

whose accidental coinisidence could alone convert a podnble 
into an actual fact. The view of the original existence of 

Gehler, Neuee Phytik. WoHerhuche, bd. vi., abth. 3, b. 2129-2136.) If 
-we eould assume volcanic forces to be still active on the Moon*s surface^ 
the absence of atmospheric resistance would certainly eive to their 
projectile force an advantage over that of our terrestrial volcanoes ; but 
even in respect to the measure of the latter force (the projectile force 
of our ov«m volcanoes), we have no observations on which any reliance 
can be placed, and it has probably been exceedingly overrated. Dr. 
Peters, who accurately observed and measured the phenomena present- 
ed by ^tna, found that the greatest velocity of any of the stones pro- 
jected from the crater was only 1250 feet to a second. Observations 
on the Peak of Teneriffe, in 1798, gave 3000 feet. Although Laplace, 
at the end of his work {Expos, du Svtt- du Monde, ed. de 1824, p. 399), 
cautiously observes, regarding aerolites, ** that in all probability they 
come from the depths of space,'' yet we aee from another passage 
(chap, vi., p. 233) that, being probablj unacquainted with the eztra- 
oi^inary planetary velocity of meteoric stones, he inclines to the hy- 
pothesis of their lunar origin, always, however, assuming that the stones 
projected from the Moon "become satellites of our Earth, describing 
around it more or less eccentric orbits, and thus not reaching its atmos- 
phere until several or even many revolutions have been accomplished." 
As an Italian at Tortona had . me fancy that aerolites came nt>m the 
MooDy BO some of the Greek philosophers thought they came from tbe 
fiun. This was the opinion of Diogenes Laertius (ii., 9) regarding the 
origin of the mass that fell at ^gos Potamos (see note, p. 116). Pliny, 
whose labors in recording the opinions ' and statements of preceding - 
writers are astonishing, repeats the theory, and derides it the more 
freely, because he, with earlier writers (Dio^. Laert., 3 and 5, p. 99, 
Httbner), accuses Anaxagoras of having predicted the fall of aerolites 
from the Sun: "Celebrant Grsci Anaxagoram Clazomenium Olym- 
piadis septuagesimee octavee secundo anno prsedixisse caelestium littera- 
mm scientia, quibus diebus saxum casurum esse e sole, idque factum 
interdiu in Thracie parte ad ^gos flumen. Quod si c^uis prsedictum 
credat, simul fateatur, necesse est, majoris miraculi divinitatem Anaz- 
agorse fnisse, solvique rerum naturae iutellectum, et confundi omnia, si 
aut ipse Sol lapis esse autunquam lapidem in eo fuisse credatur; de- 
cidere tamen crebro non erit dubium." The fall of a moderate-sized 
stone, which is preserved in the Gymnasium at Abydos, is also report- 
ed to have been foretold by Anasasoras. The fall of aerolites in bright 
sunshine, and when the Moon's disk was invisible, probably led to the 
idea of sun-Btones. Moreover, according to one of the physical dogmas 
of Anaxagoras,. which brought on him the persecution of the theologians 
(even as they have attacked the geologists of our own times), the Sun 
was redded as " a molten fiery fpass"' (fiifdpo^ (Jtairupof). In accord- 
ance with these views of Anaxagoras, we find Euripides, in PhtUton, 
terming the Sun " a golden mass ;" that is to say, a fire-colored, bright- 
ly-shining matter, but not leading to the inference that aerolites are 
golden sun-stones. (See note to page 115.) Compare Valckenaer, 
Diatribe in Eurip. perd. Dram. Reliquias, 1767, p. 30. Diog. Laert., 
ii., 40. Hence, among the Greek philosophers, we find four hypotheses 
re^rding tho origin of falling stars : a telluric origin from ascending 
exhalations ;^ masses of stone raised by hurricane (see Aristot., Meteor., 
lib. i., cap. iv„ 2-13, and cap. vii., 9); a solar origin; and, lastly, an 
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small planetary masses in space is simpler, and, at the same 
time, more analogous with those entertained concerning the 
formation of other portions of the solar system. 

It is very probable that a large number of these cosmical 
bodies traverse space undestroyed by the vicinity of our at- 
mosphere, and revolve round the Sun without experiencing 
any alteration but a slight increase in the eccentricity of their 
orbits, occasioned by the attraction of the Earth's mass. We 
may, consequently, suppose the possibility of these bodies re- 
maining invisible to us during many years and firequent revo- 
lutions. The supposed phenomenon of ascending shooting 
stars and fire-balls, which Chladni has unsuccessfuUv endeav- 
ored to Explain on the hypothesis of the reflection of strongly 
compressed air, appears at first sight as the consequence of 
some unknown tangential force propelling hodies from the 
earth; but Bessel has shown by theoretical deductions, con- 
firmed by Feldt's carefully-conducted calculations, that, owing 
to the absence of any proofs of the simultaneous occurrenee 
of the observed disappearances, the assumption of an ascent 
<^ shooting stars was rendered wholly improbable, and inad- 
missible as a result of observation.* The opinion advanced 
by Olbers that the explosion of shooting stars and ignited fire- 
balls not moving in straight lines may impel meteors upward 
in the maimer of rockets, and influence the direction of their 
orbits, must be made the subject of future researches. 

Shooting stars fall either separately and in inconsiderable 
numbers, that is, sporadically/ or in swarms of many thou- 

origin in the regions of space, as heayenly bodies which had long re- 
mained invisible. Respecting this last opinion, which is that of Diog- 
enes of Apollonia, and entirely accords with that of the present day^ 
see pages 124 and 125. It is worthy of remark, that in Syria, as I have 
been assured by a learned Orientalist, now resident at Smyrna, Andrea 
de Nericat, who instmcted me in Persian, there is a popular belief that 
aerolites chiefly fall on clear moc^light nights. The ancients, on the 
contrary, especially looked for their fall during lunar eclipses. (See 
Fliny, xxxvu., 10, p. 164. Solinus, c. 37. Salm., Exerc, p. 531 ; and 
the passages collected by Ukert, in his Oeogr.der Oriecken undRomer, 
th. ii., 1, s. 131, note 14.) On the improbability that meteoric masses 
are formed from metal-dissolviug gases, which, according to Fusinieri, 
may exist in the highest strata of our atmosphere, and, previously dif- 
fused through an almost boundless space, may suddenly assume a solid 
condition, and on the penetration and misceahility of gases, see my 
Jtelat. Hist,, t. i., p. 525. 

• Bessel, in Schum., Attr. Nachr., 1839, No. 380 und 381, s. 222 und 
346. At the conclusion of the Memoir there is a comparison of the 
Sun's lonffitudes with the epochs of the November phenomenon, from 
&e period of the first observations in Cumana in 1799. 
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E«Bd& The latter, which are compared by AraHaa authora 
to swarms of locusts, are periodic in their oecurrenoe, aad 
move in streams, generally in a parallel direction. Among 
periodic falls, the most cekbrated are that known as the No- 
-vember phenomenon, occurring from about the 12th to the 
14th of November, and that of the festival of St. Lawzence 
(the 10th of August), whose " fiery tears" were noticed in 
former times in a church calendar of England, no less than 
in old traditionary le^^ids, as a meteorological event of -coo- 
stant recurrence.* Notwithstanding the great quantity of 
shooting stans and fire-balls o£ the most various dimenskna, 
which, according to Kloden, were seen to fall at Potsdam oa. 
the night between the 12th and 13th of November, 1822, 
and on the sasme night of the year in 1832 throughout tise 
whole of Eurqte, from Portsmouth to Orenburg on the Ural 
River, and even in the southern hemisphere, as in the Isle of 
France, no attention was directed to the periodicity of the 
phenomenon, and no idea seems to have been entertained of 
the connection existing between the fall of shooting stars and 
the recurrence of certain days, xmtil the prodigious swarm of 
shooting stars which occurred in North America between the 
12th and 15th of November, 1833, and was observed by 
Olmsted and Palmer. The stars fell, on this occasion, like 
fkkes of SBOW^ and it was calculated that at least 240,000 
had fallen during a period of nine hours. Palmer, of New 
Haven, Connecticut, was led, in consequence of this splendid 
][^ienomenon, to the recollection of the fall of meteoric stones 
in 1799, first described by Ellicot and myself,t and which, by 

* Dr. Thomas Forater ( The Pocket Encyclopedia of Natural Phe- 
nofmenoy 1827, p. 17) states that a manuscript is preserved ill the libra- 
ry of Christ's College, Cambridge,* written in the tenth centary by a 
monk, and entitled EpK&meridea Rerum Naturaliumf in which the nat- 
ural phenomena for each day of the year are inscribed, as, for instance, 
the first flowering of plants, the arrival of birds, &xj. ; the 10th of Att- 
est is distingttished by the word " meteorodes." It was this indica- 
tion, and the tradition of the fiery tears of St. Lavn:enc6, that chiefly 
ittdnced Dr. Forster to undertake bis extremely zealous investigation 
of the August phenomena. (Qaetelet, Correspond* Math^m.,'B%Tie III., 
t..i., 1837, p. 433.) 

t Humb., Rel. HUt.j t. i., p. 519-527. ElHcot, in the Tranmetiont 
of the American Society, 1804, vol. vi., p. 29. Arago makes the follow- 
ing observations in reference to the November phenomena : " We thus 
become more and more confirmed in the beHef that there exisls a zone 
composed of miUions of small bodies, whose orbits cut the plane of the 

a [No such manuBcript is at present ksowa to exist in tiie libraiy of €hat college. 
For this information I am indebted to the inquiries of Mr. Cory, of Pembroke Col- 
lege, tibe learned editor of ffiero^ly^iea of HutajpoUo NHotu, Greek aad Snglirii, 
1840.}— 2V. 
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h eomptaamm of tlw £ioto I had addueed, bIiopw^ tliat the 
phenomenoa had beea simultaneously m^h in the New Conti- 
nent, from the equator to New Herruhtit in Greenland (64^ 
14' north latitude), and between 46^ and 82^ kngitude. 
The identity of the epochs waa recognized with astoniBlmient. 
The stream, which had been seen from Jamaica to Boston 
(40^ 21' north latitude) to traTerse the whole vault of heaven 
on the 12th and 13th o£ November^ 1833, was again obserred 
in the United States in 1834, on the night between the 13th 
and 14th of Noremberj although on Sua latter occasion it 
showed itself with somewhat less mtensity. In Europe the 
periodicity of the phenomenon has since been manifested wi^ 
great regularity. 

4not£»r and a like regularly reonxiing phenomienoii is that 
noticed in the month of August, the meteoric stream of St 
Lawrence, appearing between the 9th and 14th of August 
Muschenbroek/ as early as in the middle of the last century, 
drew attention to the frequency of metflbrs in the month of 
Augufit ; but their certain periodic return about the time of 
St. Lawrence's day was first riiown by Quetelet, CHbera, and 
Benzenbeig. We shaU, no doubt, in time, discover other pe- 
riodically appearing Eftreams,t probably about the 22d to the 

ecliptic at aboat the point which owe Earth amidally ocoopiee between 
the 11th and ISih ofNoirember* It is a new planeitaxy world begin> 
jking to be reyealed to us.'' (Annuaire, 1836, p. 2S^6.} 

* Compare Miuchenbroek, Xnttwl, ad PkU, Nae.^ 1763, t H., p. 1061 ; 
Howard, On the Climate of London, vol. ii, p. 23, obtervations of the 
year 1906 ; seren years, therefore, after the earliest observations of 
Brandes (Benzenberg, ikber Slemeehnuppeftf s. 340-244) ; the Augost 
observations of Thomas Porster, in Qnetelet, op. dt, p. 438-453 ; those 
.of Adolph Ennan, Begnslawski, and Kreil, in Sehttm., Jahrb.^ 1838, #. 
317-330. Regarding the point of origin in Perseus, on die lOth of Au- 
gust, 1839, see the accorate zneasarements of Beseel and Erman (Schtnn., 
Attr. Nachr., No. 385 und 428^ ; but on the 10th of Attgost, 1837, the 
path does not appear to have oeen retrograde; see Ara^, in Comptes 
Rendus, 1837, t. iL, p. 183. 

t On the 25th of April, 1095, " innumerable eyes in France saw stars 
- ialUng from heaven as thickly as hail" (vt grandOf niti lueerenit pro den- 
. eUate putareiur ; Baldr., p. 88), and this oceurrence was regarded by 
the Coonoil of Clermont as indicative of the neat movement in Chris> 
. tendom. (Wilken, 0eu:h. der Kreuzgltgej bd. i., s. 75.) On the 35th 
of April, 1800, a great £»U of stars was observed in Virginia and Maa* 
sachusetts ; it was ** a fire of rockets that lasted two hours." AragO 
. was the fint to call attention to this ** trala^ d'asteroldes,*' as a recur- 
ring phenomenon. {Attmuziref 1836, p. 297.) The falls of aCroiites hi 
the l^ginning of the month of December are also deservmg of notice. 
In reference to their periodic recurrence as a meteoric sti«am, we may 
mention the early observation of Brandes on the night of the 6tfa and 
. 7th of December, 1793 (when he eoonted 2000 fidling atars), and Tory 
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25th of Apiil, between the 6th and l^th of December, and, 
to judge by the number of true falls of aerolites enumerated 
by Capocci, also between the 27th and 29th of Norember, or 
about the 17th of July. 

Although the phenomena hitherto observed appear to have 
been independ^t of the distance from the pole, the tempera^ 
ture o[ the air, and other climatic relations, there is, however, 
one perhaps accidentally coincident phenomenon which must 
not be wholly disregarded. The Northern Light, the Aurora 
Borealis, was unusually briltiant on the occurrence of the 
splendid fall of meteors of the 12th and 13th Noi^^mber, 1 833, 
described by Olmsted. It was also observed at Bremen in 
1838, where the periodic meteoric fall was, however, less re- 
markable than at Richmond, near London. I have mentioned , 
in another work the singular fact observed by Admiral Wran- 
gel, and frequently confirmed to me by himself,"^ that when he 

probably the enormom fall of aSrolites that occurred at the Rio Absq, 
near the village of Macao, in the Brazils^ on the 11th of December, 1836. 
(Brandes, UnterhaU. far Fretmde der Physik, 1825, heft i., a. 65, and 
CompU* Renduif t. v., p. 211.) Capocci, m the interval between 1809 
and 1839, a snace of thirty years, has discovered twelve authenticated 
cases of aerolites occurring between the 27th and 29th of November, 
besides others on the 13th of November, the 10th of August, and the 
17th of July. (Comptes Rendutf U xi., p 357.) It is smgular that in 
the portion of the E^arth's path corresponding with the montfaa of Jan- 
uary and February, and probably also with March, no periadie Btreama 
of falling stars or aerolites have as yet been noticed ; although, when 
in the South Sea in the year 1803, 1 observed on the 15th ofMarch a 
remarkably large number of falling stars, and they were seen to fall as 
in a swarm in tne city of Quito, shortly before the terrible earthquake 
of Biobamba on the 4tti of February, 1797. From the phenomena hith* 
erto observed, the following epochs seem especially worthy of remark : 

22d to the 25th of April. 

17th of July (17th to the 26th of July t). (Quat, Corr., 1837, p. 435.) 

10th of August. 

12th to the 14th of November. 

27th to the 29th of November. 

6th to the 12th of December. 

When we consider that the regions of space must be occupied by 
myriads of comets, we are led by analogy, notwithstanding the differ- 
ences existing between isolated comets and rings filled wiSi asteroids, 
to regard the fi^uency of these meteoric streams with less astonish- 
ment than the first consideration of the phenomenon would be likely 
to oxcite. 

* Ferd. v. Wrangle, Reitt Idngs der NordkfUte von Sibirien in den 
Jahrm, 1820-1824, th. ii., s. 259. Regarding the recurrence of the 
denser swarm of the November stream after an interval of thir^T'three 
years, see Olbers, in Jahrb., 1837, s. 280. I was informed in Oumana 
that shortly before the fearful eardiquake of 1766, and consequently 
thirty-three years (the same interval) before the great fiill of stars on 
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was on the Siberian coast of the Polar Sea, he observed, during 
an Aurora Borealis, certain portions of the vault of heaven, 
which were not illuminated, light up and continue luminous 
whenever a shooting star passed over them. 

The diiTerent meteoric streams, each of which is composed 
of myriads of small cosmical bodies, probably intersect our 
Earth's orbit in the same manner as Biela's comet. Accord- 
ing to this hypothesis, we may represent to ourselves these 
asteroid-meteors as composing a closed ring or zone, within 
which they all pursue one common orbit. The smaller plan- 
ets between Mars and Jupiter present ub, if we except Pallas, 
with an analogous relation in their constantly intersecting 
orbits. As yet, however, we have no certain knowledge as 
to whether changes in the periods at which the stream be- 
comes yisible, or the retardations of the phenomena of which 
I have already spoken, indicate a regular precession or osdfla- 
tion of the nodes — that ifr to say, of the points of intersection 
of the Earth's orbit and of that of the ring ; or whether this 
ring or zone attains so considerable a degree of breadth from 
the irregular grouping ajid distances apart of the small bodies, * 
that it requires several days for the Earth to traverse it. The 
system of Saturn's satellites shows us likewise a group of im- 
mense width, composed of most intimately-connected cosmical 
bodies. In this system, the orbit of the outermost (the seventh) 
satellite has such a vast diameter, that the Earth, in her rev- 
olution round the Sun, requires three days to traverse an ex- 
tent of space equal to this diameter. If, therefore, in one of 
these rings, which we regard as the orbit of a periodical 
stream, the asteroids should be so irregularly distributed as ta 
consist of but few groups sufficiently dense to give rise to 
these phenomena, we may easily understand why we so sel- 
dom witness such glorious spectacles as those exhibited in the 
November months of 1799 and 1&33. The acute mind of 
Gibers led him almost to predict that the next appearance 
of the phenomenon of shooting stars and fire-balls intermixed, 
falling like flakes of snow, would not recur until between the 
12th and I4th of November, 1867. 

the 11th and 12th of Novemb&r, 1799, a similar fiery manifestation hacl 
been observed in the heavens. But it was on the 21flt of October, 1766, 
and not in the beginning of November, that the earthqaake occarred. 
Possibly some traveler in Qaito may yet be able to ascertain the day 
on which the volcano ofCayambe, which is sitaated there, was for the 
^ace of an hour enveloped in falting stars, so that the inhabitants en« 
deavored to appease heaven by religious processions. {Rdat, Hitt,, 
t. i., chap, iv., p. 307 ; chap, z., p. 520 and 527^ 
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The Btream of the November asteroids has occasionally 
only been visible in a small section of the Sarth. Thus, for 
instance, a very splendid meteoric shower was seen in England 
in the year 1837, while a most attentive and skillful ob^rvex 
at Braui^berg, in Prussia, only saw, on the pame night, which 
was there uninterruptedly clear, a few sporadic shooting stars 
fall between seven o'clock in the evening and sunrise the next 
morning. Bessel* concluded from this '' that a dense group 
of the bodies composing the great ring may have reached that 
part of the Earth in which England is situated, while the 
inore eastern districts of the Earth might be passing at the 
time through a part of the meteoric ring proportionally less 
densely studded with bodies," If the hypothesis of a regular 
progression or oscillation of the nodes should acquire greater 
weight, special interest will be attached to the investigation 
of older observations. The Chinese annals, in which great 
falls of shooting stars, as well as the phenomena of cometo, 
axe recorded, go back beyond the age of Tyrtaeus, or the sec- 
pnd Meieenian war. They give a description of two streams 
in the month of March, one of which is 687 years anterior to 
ihfd Christian era. Edward Biot has observed that, among 
the fifty-two phenomena which he has collected from the 
Chinese annals, those that were of most frequent recurrence 
are recorded at periods nearly corresponding with the 20th 
and 22d of July, O.S., and might consequently be identical 
with the stream of St. Lawrence's day, taking into account 
that it has advanced since the epochst indicated. If the fall 
of shooting stars of the 21st of October, 1366, O.S. (a notice 
of which was found by the younger Von Boguslawski, in 
Beneesius de Horowic's Chroniam Ecdesi<z Fragenm), be 
identical with our November phenomenon, although the pc- 
eurrence in the fourteenth century was seen ia broad day- 
light, we find by the precession in 477 years that this system 
of meteors, or, rather, its common Center of gravity, must de* 

* From a letter to myself, dated Jsn. a4tb, 1838. The enormous 
swarm of felling stars in November, 1799, was almost exclusively seen 
in America, where it was witnessed from New Herrnhut in Greenland 
to the equator. The swarms of 1831 and 1832 were visible only in 
Europe, and those of 1833 and 1834 only in the United States of NcH^h 
America. 

t Lettre de M. Edooard Biot ^ M. Quetelet, sur les anciennes appari- 
tions d'Etoiles Filantes en Chine, in the Bull, de VAcadSmie de Brux^ 
elleSf 1843, t. x.. No. 7, p. 8. On the notice from the Chronieon Eo 
ch^eB Pragensis, see the younger Boguslawski, in Poggend., AnneUent 
bd. xlviii., s. 612. 
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Boribe a tettogtSiAe orbit tonnd the Sun. It aiso foQowB, froor 
tbe viewiB thus deTeloped, that the non-appeaiance, duziag 
certain years, in any portion of the Earth, of the two streams 
hitherto observed in November and about the time of St. 
liawrenee's day, must be ascribed either to an interruption, in 
the meteoric ring, that is to say, to intervals oecurring be- 
tween the asteroid groups, or, according to Poisson^ to the ao- 
tion of the larger planets* on the fonn and position of this 
annulus. 

The solid masses which are observed by night to Ml to the 
earth from £bre-balk, and by day, generally when tbe sky k 
elear, from a dark small doad, are accompanied by much 
noise, and although heated, are not in an actual state of in^ 
candescence . They undeniably exhil»t a great degree of gen* 
eral identity with respect to their external hrm, tb^ character 
of their crust, and tbe chemical composition of theb principal 
constituents. These characteristics of identity have been ob- 
derved at all the difierent epochs and in the most various parts 
of the earth in which these meteoric stones have been fbund. 
This striking and early-observed analogy of physiognomy ia 
the denser meteoric masses is, however, met by many eoEcep* 
tions regarding individual points. What diterences, for in- 
stance, do we not find between the malleable masses of iron* 
of Hradschina in the district of Agram, those £rom the shores 
of the Sisim in the government of Jeniseisk, rendered so cele- 
brated by Pallas^ or those which I brought frc»n Mexico,t all 
of which contain 96 per cent, of iron, from the aerolites, of 
Siena, in which the iron scarcely amounts to 2 per cent., or 
the earthy aeroHte of Alais (in the Department dn Gazd), 
which broke up in water, or, lastly, from those of Jonzac and 
Juvenas, which contained no metallic iron, but presented & 

• " It appears that an apparently inexhaustible number of bodies, too 
small to be observed, are moving m the regions of space, either around 
the Sun or the planets, or perhaps even around their satellites. It i» 
supposed that when these bodies come in contact with our atmosphere, 
the difference between their velocity and that of our planet is so great, 
that the friction which they experience from their contact with the air 
heats &em to incandescence, and sometimes causes their explosion. If 
the ^roup of falling stars form, an annulus around the Sun, its velocity 
of circulation may be very different from that of our Earth; and the 
displacements it may experience in space, in consequence of the actions 
of the various planets, may render the phenomenon of its intereecting 
the planes of the ecliptic possible at some epochs, and altogether im- 
possible at others." — Poisson, Recherches sur la Probability des Juge- 
menu, p. 306, 307. 

• t Hnraboldt„ Essai Politique sur la Nmtv. Espagne (2de 6dit.), t, iii.^ 
p. 310. 
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tnizttire of oryctognostically distinct crystalliae componentft ! 
These difierences have led mineralogists to separate these cos^ 
mical masses into two classes, namely, those containing nick* 
elliferous meteoric iron, and those consisting of fine or coarse- 
ly-granular meteoric dust. The crust or rind of aeroUtes is 
peculiarly characteristic of these bodies, being only a few 
tenths of a line in thickness, often glossy and pitch-Like, and 
occasionally veined.* There is only one instance on record, 
as far as I am aware (the aerolite of Chantonnay, in La Ven- 
due), in which the rind was absent, and this meteor, like that 
of Juvenas, presented likewise the peculiarity of having pores 
and vesicular cavities. In all other cases the black crust is 
divided from the inner light-gray mass by as sharply-defined 
a line of separation as is the black leaden-colored investment 
of the white granite blocksf which I brought irom the cata- 
racts of the Orinoco, and which are also associated with 
many other cataracts, as, for instance, those of the Nile and 
of the Congo River. The greatest heat employed in our 
porcelain ovens would be insufficient to produce any ihing 
similar to the crust of meteoric stones, whose interior re* 
mains wholly unchanged. Here and there, facts have been 
observed which would seem to indicate a fusion together of 
the meteoric firagments ; but, in general, the character of the 
aggregate mass, the absence of compression by the fall, and 
the inconsiderable degree of heat possessed by these bodies 
^vhen they reach the earth, are all opposed to the hypothesis 
of the interior being in a state of fusion during their short 
passage from the boundary of the atmosphere to our Earth. 

The chemical elements of which these meteoric masses 
consist, and on which Berzelius has thrown so much light, 
are the same as those distributed throughout the earth's 
crust, and are fifteen in number, namely, iron, nickel, cobalt, 
manganese, chromium, copper, arsenic, zinc, potash, soda, sul- 
phur, phosphorus, and Carbon, constituting altogether nearly 
one third of all the known simple bodies. Notwithstanding 
this similarity with the primary elements into which inorganic 
bodies are chemically r^ucible, the aspect of aerolites, owing 
to the mode in which their constituent parts are compounded, 
presents, generally, some features foreign to our telluric rocks 
and minerals. The pure native iron, which is almost always 

* The peculiar color of their cmst was observed even as early as in 
the time of Pliny (ii., 56 and 58) : " colore adusto." The phrase '* lateri- 
bos pluisse'' seems also to refer to th^ horned outer surfiice of aSrolitos. 

t {f aii)b.; ^el Hi$t,, t. ii,, chap, j^x,, p. 299-303. 



Digitized by VjOOQ IC 



/ 



ABBOLITB8. 131 

found incorporated with aerolites, itnparta to them a pecul- 
iar, but not, consequently, a sdenic character ; for in other 
regions of space, and in other cosmical bodies besides our Moon, 
water may be wholly absent, and processes of oxydation of 
rare occurrence. 

Cosmical gelatinous vesicles, similur to the organic nostoe 
(masses which have been supposed since the Middle Ages to 
be connected with shooting stars), and those pyrites of Sterli- 
tamak, west of the Uralian Mountains, which are said to havo 
constituted the interior of hailstones,* must both be classed 
among the m3rthical fables of meteorology. Some few aero- 
lites, as those composed of a finely granular tissue of olivine, 
augite, and labradorite blended togetherf (as the meteoric stone 
£:)und at Juvenas, in the Department de I'Ardeche, which re- 
sembled dolorite), are the only ones, as Gustav Rose has 
remarked, which have a more familiar aspect. These bodies 
contain, for instance, crystalline substances, perfectly similar 
to those of our earth's crust ; and in the Siberian mass of 
meteoric iron investigated by Pallas, the olivine only diHers 
from common olivine by the absence of niekel, which is re- 
placed by oxyd of tin.| As meteoric olivine, like our basalt, 
contains from 47 to 49 per cent, of magnesia, constituting, 
according to Berzelius, almost the half of the earthy compo* 
nents of meteoric stones, we can not be surprised at the great 
quantity of silicate of magnesia found in these cosmical bodies. 
If the aerolite of Juvenas contain separable crystals of augite 
and labradorite, the numerical relation of the constituents 

* Gostav Ro8«, ReUe nach dem Ural, bd. ii., s. 202. 

t GiMtav Rose, in Poggend., Ann., 1825, bd. iv., ». 173-192. Bam- 
melsberg, Erstes SvppL zum ehem. Handyjorterbuehe der Mineralogie, 
1843, 8. i02. "It re," says the clear-minded observer Olbers, "a re- 
markable but hitherto unregarded fact, that while sheila are found in 
secondary and tertiary formations, nofostil meteoric stones have as yet 
been discovered. May we conclude from this circumstance that pre- 
vious to' the present and last modification of the earth's surface no me- 
teoric stones fell on it, although at the present time it appears probable, 
from the researches of Schreibers, that 700 fall annually 1" (Olbers, 
in Schum., Jahrb.^ 1838, s. 329.) Problematical nickelliferous masses 
of native iron have been found m Northern Asia (at the gold- washing 
establishment at Pelropawlowsk, eighty miles southeast of Kusnezk), 
imbedded thirty-one feet in the gronnd, and more recently in the West- 
ern Carpathians (the mountain chain of Magura, at Szlanicz), both of 
which are remarkably like meteoric stones. Compare Erman, Arckvo 
fur wissensehaftficke Kundevon Russland^ bd. i., s. 315, and Haidinger, 
Bericht iiber Szlaniczer Schiirfe in Ungam, 

X Berzelius, Jahresber., bd. xy., 8. 217 and 231. Bammelabergii 
flatpdiodrierb.t abth, u„ s, 25-28. 
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repder it at least probaUe that th^ meteoric masses of Cba- 
teau-Kenard may ho a compound of di(»:ite, consisting of hcnca- 
blende and albite, and those of Blansko and Chantonnay com* 
pounds of honijblende and labradorite. The proofs of the tel* 
luric and atmospheric origin of aerolites, which it is attempt- 
ed to base upon the orycto^ostic analogies presented by these 
bodies, do not appear to me to possess any great weight. 

Recalling to mind the remarkable interview between New* 
ton and Conduit at Kensington,* I would ask why the ele- 
mentary substances that compose one group of cosmical bodies^ 
or one planetary system, may not, in a great measure, be iden- 
tical ? Why should we not adopt this view, since we may 
conjecture that these planetary bodies, like aU the larger or 
smaller agglomerated masses revolving round the sun, have 
been thrown ofi* from the once far more expanded selar at- 
mosphere, and been formed from vaporous rings describing 
their orbits round the central body ? We are not, it appears 
to me, more justified in applying the term teUuric to the i^ickel 
and iron, the olivine and pyroxene (augite), found in meteoiio 
stones, than in indicating the German plants which I found 
beyond the Obi as European sppcies of the flora of Northern 
Asia. If the elementary substances composing a group of. 
cosmical bodies of di^rent magnitudes be identical, why 
daould they not likewise, in obeying the laws of mutual at* 
traction, blend together under definite relations of mixture,, 
composing the white gUttering snow and ice in the polar zones 
of the planet Mars, or constituting in the smaller cosmical 
masses mineral bodies inclosing crystals of olivine, augite, and 
labradorite ? Even in the domain of pure conjecture we should 
not suffer ourselves to be led away by unphilosophical and ar- 
bitrary views devoid of the support of inductive reasoning. 

Remarkable obscurations of the sun's disk, during which 
the stars have been seen at mid-day (as, for instance, in the 
obscuration of 1547, which continued for three days, and oc- 
curred about the time of the eventful battle of Miihlberg), 
can not be explained as arising from volcanic ashes or mists, 
and were regarded by Kepler as owing either to a materia 
cometica, or to a black cloud formed by the sooty exhalations 
of the solar body. The shorter obscurations of 1090 and 
1203, which continued, the one only three, and the other six 

* " Sii: Isaac Newton said he took all the planets to be composed of 
the same matter with the Earth, viz., earth, water, and stone, but vari- 
owdy concocted."— Turner, Collections for the HUtoTy of Grantham^ 
^onUtimnig authentic Memoirs of Sir Isaac ^ewtouf p. 172. 
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houzB, weve supposidd bj Chladni and Schnurrer to be occa 
iioned by the passage of meteoric masses before the sun's disk. 
Since the period that streams of meteoric shooting stars were 
first considered with cefer^ice to the direoticwi of their orbit 
as a closed ring, the epochs of these mysteriotts celestial ph&> 
nomena have been observed to present a remarkable connect 
tion with the regular recurrence of swarms of shooting stars. 
Adolfih Erman has evinced great acuteness of mind in hisac- 
ecorate investigation of the facts hitherto observed on thif sub- 
ject, and his researches have enabled him to discover the con- 
nection of the sun's ciHvjunQtion with the August astesoidson 
the 7th of February, and with the November asteroids on the 
12th of May, the latter period corresponding with the days 
of St. Mamert (May 11 th), StPancras (May 12th), and St. 
ServatitTs (May 13th), which, according to popular belid*, 
were accounted *' cold days."* 

The Greek natural philosophers, who were but little dis- 
posed to pursue observations, but evinced inexhaustible fer^ 
tility of imagination in giving the most various interpretation 
of half-perceived facts, have, however, left some hypotheses 
regarding shooting stars and meteoric stones which strikingly 
accord with the views now almost universally admitted of 
th9 cosmioal process of these phenomena. ^' Falling stars," 
says Plutarch, in his life of Lysander,! ** are, according to 

* Adolph Erman, in Posgend., Annalen, 1839, bd. xlviii., s. 582- 
601. Biot had previously thrown doabt regarding the probability of 
the November stream reappearin? in the beginning of May {Comptes 
Rendus, 1836, t. ii., p. 670). Madler has examined the mean deprea- 
sbn of temperature on the three ili-named day« of May by Berlin ob*- 
•eryationa-for eighty-ftix years ( VerkajuU, de$ Vereina xur Beford, da 
QartenbaueSf 1834« a« 377), and found a retrogression of temperature 
amounting to 2^-2 Fahr. from the 11th to the 13th of May, a period at 
which nearly the most rapid advance of heat takes place. It is much 
to be desired that this phenomenoii of depressed temperature, which 
some have felt inclined to attribute to the melting of the ice in the 
northeast of Europe, should be also invertigated in very remote spots, 
as in America, or in the southern hemisphere. (Comp. BiM. de VAcad. 
hnp. de SL PiterBbourg, 1843, t. i., No. 4.) 

t Flut., Vitm par. in Lyaandro, cap. 22. The statement of Dama^ 
chos (DaJbiachos), that for seventy days continuously there was a fiery 
cloud seen in the sky, emitting sparks Uke felling stars, and which then, 
sinking nearer to the earth, let fall the stone of £gos Potamos, ** which, 
however, was only a small part of it," is extremely improbable, since 
the direction and velocity of the jBre-cloud would in that case of neces- 
sity have to remaia for so many days the same as those of the earth.; 
and this, in the fire-ball of the 19th of July, 1686, described by Halley 
( Tran:, vcd. xxxx., p. 163), lasted eoly a few minutes. It is not alto- 
gather certain whelber DaSmacho^ the writer, irepi e^edfiac, was the 
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the opinion of some physicists, not eruptions of the ethereal 
fire extinguished in the air immediately after its ignition, nor 
yet an inflammatory comhustion of the air, which is dissolved 
in large quantities in the upper regions of space, but these 
meteors are rather a fall of celestial bodies, -which, in conse- 
quence of a certain intermission in the rotatory force, and by 
the impulse of some irregular movement, have been hurled 
down not only to the inhabited portions of the Earth, but 
also beyond it into the great ocean, where we can not find 
them." Diogenes of ApoUonia*" expresses himself still more 
explicitly. According to his views, " Stars that are invisible, 
and, consequently, have no name, move in space together with 
those that are visible. These invisible stars frequently fall 
to the earth and are extinguished, as the $tony star which fell 
burning at ^Egos Potamos." The Apollonian, who held aU 
other stellar bodies, when luminous, to be of a pumice-like 
nature, probably grounded his opinions regarding shooting 
stars and meteoric masses on the doctrine of Anaxagoras the 
Clazomenian, who regarded all the bodies in the universe 
** as fragments of rocks, which the fiery ether, in the force 
of its gyratory motion, had torn from the Earth and con- 
verted into stars." In the Ionian school, therefore, according 
to the testimony transmitted to us in the views of Diogenes 
of ApoUonia, aerolites and stars were ranged in one and the 
same class ; both, when considered with reference to their 
primary origin, being equally telluric, this being understood 
only so far as the Earth was then regarded as a central body,t 

same person as Daimachos of Platiea, who was sent by Seleucas to 
India to the son of Androcottos, and who was charged by Strabo with 
being ** a speaker of lies" (p. 70, Casaub.). From another passage of 
Plutarch (Compar. Solenis c. Cop.t cap. 5) we should almost belieye 
that he was. At all events, we have here only the evidence of a very 
late author, who wrote a century and a half after the fall of aerolites 
occurred in Thrace, and whose authenticity is also doubted by Plutarch. 

* Stob., ed. Heeren, i., 25, p. 508 ; Plut., de plae. PTUtos., ii., 13. 

+ The remarkable passage in Plut., deplete. PhUos.j ii., 13, runs thus: 
** Anaxagoras teaches that the surrounding ether is a fiery substance, 
which, by the power of its rotation, tears rocks from the earth, inflames 
tliem, and converts them into stars." Applying an ancient fiible to il« 
lustrate a physical dogma, the Clazomenian appears to have ascribed 
the fall of the Nemeean Lion to the Peloponnesus from the Moon to 
such a rotatory or centriiugal force. (iElian., xii., 7 ; Plut., de Facie 
in Orbe LttruBf c. 24; fichol. ex Cod. Paris., in ApoU. Argon,, lib. i., 
p. 498, ed. Schaef., t. ii., p. 40; Meineke, Annal. Alex,, 1843, p. 85.) 
Here, instead of stones from the Moon, we have an animal from tlie 
Moon ! According to an acute remark of BOckh, the ancient mytfaot 
Dgy of the NenuBan lunar lioa baa an astronomical origin^ and is sym- 
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forming all things around it in the same manner as we, ac- 
cording to our present views, suppose the planets of our sys- 
tem to have originated in the expanded atmosphere of anoth- 
er central body, the Sun. These views must not, therefore, 
be confounded with what is commonly termed the telluric or 
atmo^heric origin of meteoric stones, nor yet with the singu- 
lar opinion of Aristotle, which supposed the enormous mass 
of JEgos Potamos to have been raised by a hurricane. That 
arrogant spirit of incredulity, which rejects facts without at- 
tempting to investigate them* is in some cases almost more 
injurious than an unquestioning credulity. Both are alike 
detrimental to the force of investigation. Notwithstanding 
that for more than two thousand years the annals of difierent 
nations had recorded &lls of meteoric stones, many of which 
had been attested beyond all doubt by the evidence of irre- 
proachable eye-witnesses — ^notwithstanding the important part 
enacted by the fiaetylia in the meteor- worship of the ancients 
— notwithstanding the fact of the companions of Cortez hav- 
ing seen an aeroUte at Cholula which had fallen on the neigh- 
boring pyramid — ^notwithstanding that califs and Mongolian 
chiefs had caused swords to be forged from recently-fallen 
meteoric stones — ^nay, notwithstanding that several persons 
had been struck dead by stones falling from heaven, as, for 
instance, a monk at Crema on the 4th of September, 1511, 
another monk at Milan in 1650, and two Swedish sailors on 
board ship in 1674, yet this great cosmical phenomenon re- 
mained almost wholly unheeded, and its intimate connection 
with other planetary systems unknown, until attention was 
drawn to the subject by Chladni, who had already gained im- 
miortal renown by his discovery of the sound-figures. He who 
is penetrated with a sense of this mysterious connection, and 
whose mind is open to deep impressions of nature, will feel 
himself moved by the deepest and most solemn emotion at 
the sight of every star that shoots across the vault of heaven, 
no less than at the glorious spectacle of meteoric swarms in 
the November phenomenon or on St. Lawrence's day. Here 
motion is suddenly revealed in the midst of nocturnal rest. 
The still radiance of the vault of heaven is for a moment an- 
imated with life and movement. In the mild radiance left 
on the track of the shooting star, imagination pictures the 
lengthened path of the meteor through the vault of heaven, 

bobcally conoeeted in cfaronoloff^ with the cycle of intercalation of the 
lunar year, with the inoon-worwip at NesuBa, and the games by which 
it was accompanied. 
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while, every wheie around, the luminons asteroids proclaim 
the existence of one common material miiverse. 

If we compare the volume of the innermost of Saturn's sat* 
ellites, or that of Ceres, with the immense volume of the Sun, 
all relations of magnitude vanish from our minds. The ex* 
tinction of suddenly resplendent stara in Cassiopeia^ Cygnus, 
and Serpentarius have already led to the assumption of other 
and non-luminous cosmical hodies. We now know that the 
meteoric asteroids, spherically agglomerated into small masses^ 
revolve round the Sun, intersect, like comets, the orhits of the 
luminous larger planets, and become ignited either ia the vi- 
cinity of our atmosphere or in its upper strata. 

The only media by which we axe brought in eonnection 
with other planetary bodies, and with all portions of the uni^ 
verse beyond our atmosphere^ are light and heat (the latter 
of which can scarcely be separated from the former),* and 
those mysterious powers of attraction exercised by remote 
masses, according to the quantity of their constitu^its, upon 
our globe,, the ocean, and the strata of our atmosphere. An- 
other and difierent kind of cosmical, or, rather, material mode 
of contact is, however, opened to us^ if we admit falling stars 
and meteoric stones to be planetary asteroids. They not only 
act upon us merely from a distance by the excitement of lumin- 
Qus or caloriiio vibrations, or in obedience to the laws of n^u- 
tual attraction, but they acquire an actual material existenee 
for us> reaching our atmoej^ere from the remoter regions of 
universal space, and remaining on the earth itself. Meteoria 
stones are the only means by which we can be brought in pos- 
sible contact with that which is foreign to our own planet. 
Accustomed to gain our knowledge of what is not tellurie 
solely through measurement, calculations, and the deductions 
of reason, we experience a sentiment of astonishment at find- 
ing that we may examine, weigh, and analyze bodies that ap- 

* The following remarkable passage on the radiation of heat from 
the fixed stars, and on their low combustioB and vitality — one &{ Kep- 
ler's many aspirations — occurs in the Paralipom. in Vilell. Astron. parg 
Optica, 1604, Fropos. xx:^ii., p. 25: " Lucis propriam est ealor, sydera 
omnia calefaciant. De syderum luce claritatis ratio testatur, calorem 
universorum in minori esse proportione ad calorem unius solis, ^uam 
ut ab homine, cujus est certa caloris mensura, uterque simul percipi et 
judicari possit. De cincindularum lucnla tenuissima negare non potes, 
quin cum oalore sit Vivunt enim et moventur, hoc autem non sine 
calefactione perficitur. Sic neqne putrescentium li^norum lux suo ca- 
lory destituitur ; nam ipsa puetredo quidam lentus ignis est. Inest et 
Btirpibus suus calor." (Compare Kepler, Epk, As^ron, CoperTticanmt 
1618, t. i., lib. i., p. 35.) 
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pertain to die oatex world. This awakens, by the power of 
the imagination, a meditative, spiritual train of thought, where 
the untutored mind perceives only scintillations of light in the 
fircpament, and sees in the blackened stone that falls irom the 
exj^oded cloud nothing beyond the rough product of a power- 
ful natural force. 

Although the asteroid-swarms, on which we have been led, 
from special predilection, to dwell somewhat at length, ap- 
proximate to a certain degree, in their inconsiderable mass 
and the diversity of their orbits, to comets, they present this 
essential dii&rence from the latter bodies, that our knowledge 
of their existence is almost entirely limited to the moment of 
their destruction, that is, to the period when, drawn within 
the sphere of the Earth's attraction, they become luminous 
and ignite. 

In order to complete onr view of all that we have learned 
to consider as appertaining to our solar system, which now, 
mnce the discovery of the small planets, of the interior comets 
of short revolutions, and of the meteoric asteroids, is so rich 
and complicated in its form, it remains for us to speak of the 
ring of :3odiacal light, to which we have already alluded* 
Those who have lived for many years ia the zone of palms 
must retain a pleasing impression of the mild radiance with 
which the zodiacal light, shooting pyramidally upward, illu-' 
mines a part of the uniform length of tropical nights. I have 
seen it shine with an intensity of light equal to the milky way 
in Sagittarius, and that not only in the rare and dry atmos- 
phere of the summits of the Andes, at an elevation of from 
thirteen to fifteen thousand feet, but even on the boundless 
grassy plains, the llanos of Venezuela, and on the sea-shore, 
beneath the ever-clear sky of Cumana. This phenomenon 
was often rendered especially beautiful by the passage of light, 
fleecy clouds, which stood out in picturesque and bold relief 
from the luminous back-ground. A notice of this aerial spec- 
tacle is contained in a passage in my journal, while I was on 
the voyage from Lima to the western coasts of Mexico : " For 
three or four nights (between 10^ and 14^ north latitude) the 
zodiacal light has appeared in greater splendor than I have 
ever observed it. The transparency of the atmosphere must 
be remarkably great in this part of the Southern Ocean, to 
judge by the radiance of the stars and nebulous spots. From 
the 14th to the 19th of March a regular interval of three 
quarters of an hour occurred between the disappearance of the 
nm's disk in the ooean and the first manifestation of the zodi* 
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acal light, although the night was already perfectly dark. An 
hour after sunset it was seen in great brilliancy between Aide- 
baran and the Pleiades ; and on the 18th of March it attained 
an altitude of 39^ 5'. Narrow elongated clouds are scattered 
over the beautiful deep azure of the distant horizon, flitting 
past the zodiacal light as before a golden curtain. Above 
these, other clouds are from time to time reflecting the most 
Inrightly variegated colors. It seems a second sunset. On 
this side of the vault of heaven the lightness of the night ap- 
pears to increase almost as much as at the first quarter of the 
moon. Toward 10 o'clock the zodiacal light generally becomes 
very faint in this part of the Southern Ocean, and at midnight 
I have scarcely been able to trace a vestige of it. On the 16th 
of March, when most strongly luminous, a faint reflection was 
visible in the east," In our gloomy so-called " temperate" 
northern »one, the zodiacal light is only distinctly visible in 
the beginning of Spring, after the evening twilight, in the 
western part of the sky, and at the close of Autumn, before 
the dawn of day, above the eastern horizon. 

It is difficult to understand how so striking a natural phe- 
nomenon should have failed to attract the attention of physi- 
cists and astronomers until the middle of the seventeenth cen- 
tury, or .how it could have escaped the observation of the Ara- 
bian natural philosophers in ancient Bactria, on the Euphra- 
tes, and in the south of Spain. Almost equal surprise is ex- 
cited by the tardiness of observation of the nebulous spots in 
Andromeda and Orion, first described by Simon Marius and 
Huygens. The earliest explicit description of the zodiacal 
light occurs in Childrey's Britannia Baconica* in the year 

* " There is another thing which I recommend to the observation 
of mathematical men, which is, that in February, and for a little before 
and a little after that month (as I have observed Beveral years together), 
about six in the evening, when the twilight hath almost deserted the 
horizon, you shall see a plainly discernible way of the twilight striking 
Dp toward the Pleiades, and seeming almost to touch them. It is so 
observed any clear night, bnt it is best iliac nocte. There is no such 
way to be observed at any other time of the year {that I can perceive), 
nor any other way at that time to be perceived darting up elsewhere; 
and I believe it hath been, and will be constantly visible at that time 
of the year ; bat what, the cause of it in nature should be, I can not yet 
imagine, but leave it to future inquiry." (Childrey, Britannia Baco- 
niea, 1661, p; 183.) This is the first view and a simple description of 
the phenomenon. (Cassini, Dicouverte de la Lumiire CiUste qui pa- 
roit dans le Zodiaque, in the M^m. de VAead.f t. viiL, 1730, p. 276. 
Mairan, Traiti Phys. de VAurore Boriale^ 1754, p. 16.) In this remark- 
able work by Childrey there are to be found (p. 91) very clear accounts 
of the epochs of maxima and mimma diomal and annual temperatures. 
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1661. The first observation of the phenomenon may hare 
been made two or three years prior to this period ; but, not- 
withstanding, the merit of having (in the spring of 1683) been 
the first to investigate the phenomenon in all its relations in 
space is incontestably.due to Dominions Cassini. The light 
whiuh he saw at Bologna in 1668, and which was observed 
at the same time in Persia l^ the celebrated trav^er Char^ 
din (the court astrologers of Ispahan called this light, which 
had never before been observed, nyzek^ a small lance), was 
not the zodiacal light, as has often been asserted,* but the 

and of the retardation of the extremes of the effects in meteorologjcal 
processes. It is, however, to be regretted that our Baconian-philosophy- 
loving author, -who was Lord Henry Somerset's chaplain, fell into the 
same error as Bemardin de St. Pierre, and regarded the Karth as elon- 
gated at the poles (see p. 148V At the first, he believes that the Earth 
wto spherical, but supposes tnat the uninterrupted and increasing addi- 
tion oT layers of -ice at bolh poles has changed its figure ; audlhat, as the 
ice is formed from water, the quantity of that liquid is every where 
diminishing. 

* Dominicus Cassini {Mtm, de V Acad., t. viii., 1730, p. 188), and 
Mairan i^Aurort Bor., p. 16), have even maintained that the phenome* 
non observed in Persia in 1668 was the zodiacal liffht. Delambre 
{HiH. de VAttron, Modeme, t. il, p. 742), in very decided terms, ascribes 
the discovery of this light to the celebrated traveler Chardin ; but in the 
Ccuronnement de SoHman, and in several passages of the narrative of his 
travels (6d. de Langl^s, t. iv., p. 326 ; t. x., p. 97), he only applies the 
term niazouk (nyzek), or *< petite lance,*' to "the great and famous 
comet which appeared over nearly the whole world in 1668, and whose 
head was so hidden in the west that it could not be perceived in the 
horizon of Ispahan" (Atku du Voyage de Chardinf Tab. iv. ; from the 
observations at Schiraz). The head or nucleus of the comet was, how- 
ever, visible in the BrazUs and in India (Pingr6, Comitogr., t. ii., p. 22). 
Qf3garding the c<nijectured identity of the last great comet of March, 
1843, with this, which Oassmi mistook for the zodiacal light, see Schum., 
AMtr, Nachr,, 1843, No. 476 and 480. In Persian, the term <<nlzehi 
ftteschln" ([fiery spears or lances) is also applied to the rays of the ris- 
ing or setting sun, in the same way as ** nayftzik," according to Prey- 
tag's Arabic Lexicon, signifies " stell» cadentes." The comparison of 
comets to lances and swords was, however, in the Middle Ages, very 
common in all languages. The great comet of 1500, which ivas visible 
from April to June,, was always termed by the Italian writers of that 
time U Signor Astone (see my Examtn Critique de VHisL de la Oio^ 
graphie, t. v., p. 80). All the hypotheses that have been advanced to 
■how that Descartes (Cassini, p. 230 ; Mairan, p. 16), and even. Kepler 
(Delambre, t. i., p. 601), were acquainted with the zodiacal light, ap- 
pear to me altogether untenable. Descartes {Princvpes, iii., ar^. 136, 
137) is veiy obscure in his remarks on comets, observing that their 
tails are formed ** by oblique rays, which, falling on different, parts of 
the planetary orbs, strike the eye laterally by extraordinary refraction,'' 
and that they might be seen morning and evening, *' like a long beam," 
when the Sun is oetween the comet and the Earth. This passage no 
loore refers to the zodiacal light than those in which Kepler (EpU. Ag' 
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enorzaous tail of a cometi whose head was concealed in the 
vapory mist of the horizon, and which, from its length aiid 
appearance, presented tnach similarity to the great comet of 
1843. We may conjecture, with mnch probability, that the 
remarkable light on the derated plains of Mexico, seen &r 
£>rty nights consecutively in 1509, and oWrved in the eastmn 
horizon rising pyramidally from the earth, was the zodiacal 
light. I found a notice of this phenomenon in an ancient Az- 
tec MS., the Codex TMeriano-Rememis,* preserved in the 
E^yal Library at Paris. 

This phenomenon, whose primordial antiquity can scarcely 
be doubted, and which was first noticed in Europe by Childrey 
and Dominicus Cassini, ig not the luminous solar atmosphere 
itself, since this can not, in accordance with mechanical laws, 
be more compressed than in the relation of 2 to 3, and conse- 
quently can not be diffused beyond ^ths of Mercury's helio* 
centric distance. These same laws teach us that the altitude 
of the extreme boundaries of the atmosphere of a cosmical 

iron. Copemican€Bj t. i., p. 57, and t. ii., p. 893) speaka of the existence' 
of a solar atmosphere (Uiubiia cir^a «olem, coma lacida), which, ia 
eclipses qi the Sun, prevents it '* from being qnite night ;V and even 
more uncertain, or indeed erroneous, is the aasomption that the *' trabes 
qnas 6okov^ vocant" (Plin., ii., 26 and 27) had reference to ^b» ton^e- 
shaped riBing zodiacal light, as Cassini (p. 231, art. ixxi.) and Mairan 
(p. 15) have maintained. Every where among the ancients the trabes 
are associated with the bolides (ardores et faces) and other fiery mete- 
ors, and even with long-barbed comets. (Regarding doKo^^ doitia^t 
doKiTtiCf see Schafer, SehQl. Par, ad ApoU, Jthod.y 1813, t. ii., p. 206 ; 
Pseudo-Aristot., de Mundoj 2, 9 ; Comment. Alex. Jok. Fhilopiet Olymp, 
in Aristot. Meteor,, lib. i., cap.vii., 3, p. 195, Ideler; Seoeca^ Nai, 
Quastfi,, 1.) .• 

* Humboldt, Monwmens de$ Feuplet Indiginea de VAmiriquet t. ii.. 
p. 30L The rare maaoacript which belonged to the Archbishop of 
Bheims, Le TeUier, contains various kinds of extracts from an Aztec 
ritual, an astrolosical calendar, and historical annals, extending from' 
1197 to 1549, and embracing a notice of different natural phenomena, 
epochs of earthquakes and comets (as, for instance, those of 1490 and 
1^29), and of (which are important in relation to Mexican chronology) 
solar eclipses. In Gamargo's maniiscript HUtoria de Tlaeccda, the light 
rising in the east almost to the zenith is, singularly enough, deaci-ibed 
as " sparkling, and as if sown with stars." The description of this 
phenomenon, which lasted forty days, can not in any way ap[^y to vol- 
canic eraptioas of Popocatepetl, which lies very near, in the southeast- 
ern direction. (Prescott, Hiitory of the Conqveat of Mexico, vdl. i., p. 
284.) Later commentators have confounded this phenomenon, which 
Montezuma regarded as a warning of his misfortunes, with^he " estrella 
que humeava" (literally, which spring forth ; Mexican eholoa, to leap or 
spring forth). Wi.tti respect to the connection of this vapor with the 
gtar Oitlal Cboloha (Venus) and with '< the mountain of the star" (Citr 
kltepetl). the volcano of Orizaba), see my Monwnens, t. n., p. 303. j. 
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body above its equator, that ib to say, the point at mrhichr 
gravity and centrifugal force are in ec|uilibriam, must be the 
same as the altitude at which a satellite would rotate round 
the central body simultaneously with the diurnal revolution 
of the latter.* This jiimitation of the solar atmosphere in its 
present concentrated condition is especially remarkable when 
we compare the central body of our system Mrith the nucleus 
of other nebuloim stars. Herschel has discovered several, in 
which the radius of the nebulous matter surrounding the star 
appeared at an angle of 150". On the assumption that the 
parallax b not fully equal to V, we find that the outermost 
nebt^oos layer of such a star must be 150 times further from 
the central body than our Earth is from the Sun. If, there* 
fore, the nebulous star were to occupy the place of our Sun< 
its atmosphere would not only include the orbit of Uranus, 
but even extend eight times beyond it.t 

Considering the narrow limitation of -the Sun's atmosphere^ 
which we have just described, we may with much probability 
regard the existence of a very compressed annulus of nebulous 
matter^ revolving freely in space between the orbits of Venus 
and Mars, as the material cause of the zodiacal hght. As 

* Laplace, Expos, du Syst. du Monde, p. 270 , M6canique Cileste, 
t. ji., p. 169 and 171; Schubert, ^«^.,bd. lii., $ 206. 

t AragD, in the Annuairet 1342, p. 408. Compare Sir John Her* 
flchel's considerations ou the yolome and faintueas of light of planetary 
nebulae, in Mary Somerville's Connection of the Physiccd Sciences, 1835, 
p. 108. The opinion that the Sun is a nebulous star, whose atmos' 
^ere presents the phenomenon of zodiacal light, did not originate with 
bominicasOaasiui, but was first promulgated by Mairan in 1730 ( TraUi 
de VAurore Bcr.f -p, 47 and 263f Arago, in the Annuaire, 1842, p. 
412). It is a renewal of Kepler's views. 

X Dominions Oassini was the first to assume, as did subsequently 
X«aplace, Schubert, and Foisson, the hypothesis of a separate ring to 
explain the form of the zodiacal light. He says distinctly, " If the 
orbits of Mercury and Venus were visible (diroughout their whole ex-? 
tent), we should invariably observe them with the same figure and in 
ihe same position, with regard' to the Sun, and at the same time of the 
year with the zodiacal light." {M4m, de VAeeid., t. viii., 1730, p. 218, 
and Biot, in the Compter Rendu^ 1836, t. iii., p. 666.) Gassini be- 
lieved that the nebulous ring of zodiacal light consisted of innumerable 
small planetary bodies revolving round the Sun. He even went so 
far as. to believe that the fall of fire-balls might be connected with the 
passage of the Earth through the zodiacal nebulous ring.^ Olmsted, 
and es|»ecially^ Biot (op. oit., p. 673), have attempted to estiEtbtiah ita 
connection with the November phenomenon— -a conneoticm which 01 
bers dcmbts. . (Schum., Jakrh, 1837, s. 281.) Regarding the <}uestkm 
whether the place of the zodiacal light perfectly coincides with that 
of the Suit's equatw, see Hotueftii, in Schom., Ajt^> Nackr., 1943^ No/ 
492,8.190. 
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yet we certainly know nothing definite regarding ite actual 
material dimensions ; its augmentation* by emanations fiom. 
the tails of myriads of comets that come within the Sun's 
vicinity ; the singular changes affecting its expansion, since it 
sometimes does not appear to extend beyond our Earth -s orbit ; 
or, lastly, regarding its conjectural intimate connection with 
the more condensed cosmical vapor in the vicinity of the Sun. 
The nebulous particles composing this ring, and revolving 
round the Sun in accordance with planetary laws, may either 
be self-luminous or receive light from that luminaiy» Even 
in the case of a terrestrial mist (and this fact is very remark- 
able), which occurred at the time of the new moon at mid* 
night in 1743, the phospiiorescence was so intense that ob* 
jects could be distinctly recognized at a distance of more than 
600 feet. 

I have occasionally been astonished, in the tropical climates 
of South America, to observe the variable intensity of the 
zodiacal light. As I passed the nights, during many months, 
in the open air, on the shores of rivers and on llanos, I enjoy- 
ed ample opportunities of carefully examining this phenome* 
non. When the zodiacal light had been most intense, I have 
observed that it would be perceptibly weakened for a few 
minutes, until it again suddenly shone forth in full brilliancy* 
In some few instances I have thought that I could perceive- 
not exactly a reddish coloration, nor the lower portion darkened 
in an arc-like form, nor even a scintillation, as Mairan a&ms 
he has observed — ^but a kind of flickering and wavering of 
the light.! Must we suppose that changes are actually in 
progress in the nebulous ring 1 or is it not more probable that, 
although I could not, by my meteorological instruments, de- 
tect any change of heat or moisture near the ground, and 
small stars of the fifth and sixth magnitudes appeared to shine 
with equally undiminished intensity of light, processes of con- 
densation may be going on in the uppermost strata of the air, 
by means of which the transparency, or, rather, the reflection 
of light, may be modified in some peculiar and unknown man- 

* Sir John Herschel, Astron., f 487, 

t Arago, in the AnntMtre, 1832, p. 246. Several physical facts ap- 
pear to indicate that, in a mechanical separation of matter into its smali<- 
est particles, if the mass be very small in relation to thei surface, the 
electrical tension may increase sufficiently for the production of light 
and heat. Exjteriments with a large concave mirror have not hitherto 
ffiven any positive evidence of the presence of radiant heat in the zo- 
diacal light. (Lettre de M. Matthiessen k M. Arago, in the Compte* 
Rendutf t.iivi., 1843, Avril, p. 687.) 
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net ? An assamption of the existence of such meteorological 
causes on the confines of our atmosphere is strengthened by 
the *' sudden flash and pulsation of light/' which, according 
to the acute observations of Olbers, vibrated for several sec- 
onds through the tail of a comet, which appeared during the 
continuance of the pulsations of light to be lengthened by sev^ 
eral degrees, and then again contracted.* As, however, the 
separate particles of a comet's tail, measuring millions of milesr 

* ** What you tell me of the chmsges of light in the zodiacal light, 
and of the causes to which yon ascribe such changes within the trop- 
icis, is of the greater interest to me, since I have been for a lon^ time 
past particularly attentive, every spring, to this phenomenon m our 
northern latitudes. I, too, have always believed that the zodiacal light 
rotated ; but I assumed ^contrary to Poisson's opinion, which you have 
communicated to me) mat it completely extended to the Sun, with 
considerably augmenting brightness. The light circle which, in total 
solar eclipses, is seen surrounding the darkened Sun, I have regarded 
as the bngh^t portion of the zodiacal light. I have convinced my 
self that this light is very different in different years, often for. several 
successive years being very bright and diffused, while in other years 
it is scarcely perceptible. I think that I find the first trace of an allu- 
sion to the zodiacal light in a letter from Bothmann to Tycbo, in which 
he mentions that in spring he has observed the twilight did not close 
until the sun was 24P below the horizon. Rothmann must certainly 
have confounded the disappearance of the setting zodiacal light in the 
vapors of the western horizon with the actual cessation of twilight. 1 
have failed to observe the pulsations of the light, probably on account 
of the faintness with which it appears in these countries. You are, 
however, certainly right in ascribing those rapid variations in the light 
of the heavenly bodies, which you have perceived in tro^cal climates, 
to our own atmosphere, and especially to its higher regions. This is 
most strikingly seen in the tails of large comets. We often observe, 
especiall^r in the clearest weather^ that these tails exhibit pulsations, 
commencing from the head, as bemg the lowest part, and vibrating in 
one or two seconds through the entire tail, which thus appears rapidly 
to become some degrees fonger, but again as rapidly contracts. That 
these undulations, which were forBoerly noticed with attention by 
Bobert Hooke, and in more recent times by Schr6ter and Ohladni) do 
not actually occur in the taUt of the cometSt but are produced by our at- 
mosphere, is obvious when we recollect that the individual parts of 
those tails (which are many millions of miles in length) lie at very cUf" 
ferent dutaticet from us, and that the li^ht from their extreme points 
can only reach us at intervals of time which differ several minutes from 
one another. Whether what you saw on the Orinoco, not at intervals 
of seconds, but of minutes, were actual coruscations of the zodiacal 
light, or whether they belonged exclusively to the upper strata of our 
atmosphere, I will not attempt to decide ; neither ean I explain the 
remarkable li^htnets of whole nights^ nor the anomalous augmentation 
and prolongation of the twilight in the year 1831, particularly if, as has 
been remarked, the lightest part of these singular twilights did not coin- 
cide with the Sun's place below the horizon.^' (From a letter written 
by Dr. Olbers to myself, and dated Bremen, March 26th, 1833.) 
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are very unequally distant from the earth, it is not possible, 
according to the laws of the velocity and transmission of light, 
that we should be able, in so short a period of tinae, to per- 
ceive any actual changes in a cosmical body of such vast ex* 
tent. These considerations in no way exclude the reality of 
the changes that have been observed in the emanations fiom 
the more condensed envelopes around the nucleus of a comet, 
nor that of the sudden irradiation of the zodiacal light from 
internal molecular motion, nor of the increased or diminished 
r^ection of light in the cosmical vapor of the luminous ring, 
but should simply be the means of drawing our attention to 
the difierenoes existing between that which appertains to the 
air of heaven (the realms of universal space) send that which 
belongs to the strata of our terrestrial atmosphere. It is not 
possible, as well-attested facts prove, perfectly to explain the 
operations at work in the much-contested upper boundaries of 
our atmosphere. The extraordinary lightness of vn^ole nights 
in the year 1831, during which small print might be read at 
midnight in the latitudes of Italy and the north of Germany, 
is a fact directly at variance with all that we know, accord- 
ing to the most recent and acute researches on the crepuscular 
theory, and of the height of the atmosphere.* The phenom- 
ena of light depend upon conditions still less understood^ and 
their variability at twilight, as well as in the zodiacal light, 
excite our astonishment. 

We have hitherto considered that which belongs to our solar 
system — ^that world of material forms governed by the Sun — 
which includes the primary and secondary planets, comets of 
short and long periods of revolution, meteoric asteroids, which 
move thronged together in streams, either sporadically or in 
closed rings, and finally a luminous nebulous ring, that re- 
volves round the Sun in the vicinity of the Earth, and for 
which, owing to its position, we may retain the name of zo- 
diacal light. Every where the law of periodicity governs the 
motions of these bodies, however difierent may be the amount 
of tangential velocity, or the quantity of their agglomerated 
material parts ; the meteoric asteroids which enter our atmos- 
phere from the external regions of universal space are alone 
arrested in the course of their planetary revolution, and re- 
tained within the sphere of a larger planet. In the solar sys- 
tem, whose boundaries determine the attractive force of the 
central body, comets are made to revolve in their elliptical 

• Biot, TraU6 ePA^ron. Pht^nquet 3*me 6d., 1841, t i., p. 171, 288, 
and 312. 
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orbits at a distance 44 times greater than that of Uranus ; 
nay, in those comets whose nucleas appears to us, from its 
inconsiderable mass, like a mere passing cosmioal cloud, the 
Sun exercises its attractive force on the outermost parts of thei 
emanations radiating from the taU over a space of many mill- 
ions of miles. Central forces, therefore, at once constitute and 
maintain the system. 

Our Sun may be considered as at rest when compared to all 
the large and small, dense and almost vaporous cosmiccd bodies 
that appertain to and revolve around it ; but it actually ro- 
tates round the common center of gravity of the whole sys- 
tem, which occasionally falls within itself, that is to say, re- 
mains within the material circumference of the Sun, what- 
ever changes may be assumed by the positions of the pli£nets. 
A very difierent phenomenon is that presented by the trans' 
latory motiou of the Sun, that is, the progressive motion of 
the center of gravity of the whole solar system in universal 
space. Its velocity is such* that, according to Bessel, the 
relative motion of the Sun, and that of 61 Cygni, is not less 
in one day than 3,336,000 geographical miles. This change, 
of the entire solar system would remain unknown to us, if the. 
admirable exactness of our astronomical instruments of meas- 
urement, and the advancement recently made in the art of 
observing, did not cause our advance toward remote stars to 
be perceptible, like an approximation to the objects of a dis-^ 
tant shore in apparent motion, The proper motion of the star 
61 Cygni, for instance, is so considerable, that it has amount- 
ed to a whole degree in the course of 700 years. 

The amount or quantity of these alterations in the fixed 
stars (that is to say, the changes in the relative position of 
self-luminous stars toward each other), can be determined 
with a greater degree of certainty than we are able to attach 
to the genetic explanation of the phenomenon. After taking, 
into consideration what is due to the precesdon of the equi- 
noxes, and the nutation of the earth's axis produced by the 
action of the Sun and Moon on the spheroidal figure of our 
globe, and what may berascribed to the transmission of light, 
that is to say, to its aberration, and to the parallax formed by 
the diametrically opposite position of the Earth in its course 
round the Sun, we still find that there is a residual portion 

* Bessel, in Sebum., Jahrb.f&r 1839, s. 51 ; probably four millioiui 
of miles daily, in a relative velocity of at the least 3,336,000 miles, or 
more than double tbe velocity of zevolittion of Ibe Earth in her orbit 
round the Sun. 
Vol. I.— G 
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of the annual motion of the fixed stars due to the translation 
nf the whole lolar syBtem in uniyersal space, and to the true 
pTGper motion oi the stars. The difficult piohlem of numer- 
ically separating these two elements^ the true and the appar- 
ent motion, has been ejected hy the* cardul study of the di- 
lection of the moti(»i of eertain individual stars, and by the 
consideration of thelfact that, if all the stare were in a state 
of absolute rest, they would appear perspectiyely to recede 
from the point in space toward which the Sun waii directing 
its course. But the ultimate result of this investigation, eoxv- 
firmed by the calculus of probabilities, is, that our solar sys- 
tem and the stars both change their places in space. Accotd- 
ing to the admirable researches of Aigelander at Abo, who 
has extended and more p^ectly developed the work begun by 
William Herschel and Prevost, the Sun moves in the direc- 
tion of the constellation Hercules, and probably, from the 
C(»nbination of the obselrvations made of 537 stars, toward a 
point lying (at the equinox of 1792-5) at 257° 49 -7 R.A., and 
28^ 49-7 N.D. It is extremely difficult, in investigations of 
this nature, to separate the absolute from the relative motion, 
and to determine what is alone owing to the solar 83rBtem.* 

If we consider the proper, and not the perspective motions 
of the stars, we shall find many that appear to be distributed 
in groups, having an opposite direction ; and facts hitherto 
observed do not, at any rate, render it a necessary assumption 
that all parts of our starry stratum, or the whole of thet^tellar 
islands filling space, should move round one large unknown 
luminous or non-luminous central body. The tec^eneyof the 
human mind to investigate ultimate and highest causes cer- 
tainly inclines the intellectual activity, no le8» than the ima^«. 
ination of mankind, to adopt such an hypothesis. £v«i the 
Stagirite proclaimed that ** every thing which is moved must 
be referable to a motor, and that there woi:dd be no end to 

* Begarding tiie mation of the solar system, according to Bradley, 
Tobias Mayer, Lambert, Lalande, and William Herschel, see Arago^m 
the Anwuairt, 1842, p. 38&-3»9; Arffelander^in Schum^ JMro*. Naekr,, 
No, 363, 364, Z99, and io the treatise Von der eigenen Bewegung de9 
Sonnensyatenu (On the proper Motion of the Solar System), 1837, s. 43, 
respecting Perseus as the central body of the whole stellar stratum; 
likewise Otho Stmve, in the Bull, de VAead. de SL P^erab., 1842, t. x.. 
No. 9, p. 137-139. The last-named astronomer has found, by a more 
recent combination, 261o 2a' R.A. -f 37° 36' Decl. for the direction of 
tiie Sun's motion ; and, taking the noean of his own results with that of 
Argelander, we have, by a combintioii of 797 stars, th« formula 259"" 
9'B^. + 34°36'DeoL 
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the concatenati<»L of eauses if there were not one pmoordial 
immovable motor."* 

The manifold trauslatoTy changes of the stars, not those 
produced by the parallaxes at which they are seen from the 
changing position of the spectator, but the true changes con-* 
atantly going on in the regions of ^pace, afierd us incontro- 
vertible evidence of the dominion of the laws of attraction in 
the remotest regions of space, beyond the limits of oar solaf 
system. The existence of these laws is revealed to us by 
many phenomena, as, for instance, by the motion of double 
stars, and by the amount of retarded or accelerated motion in 
difierent parts of their elliptic orbits. Human inquiry need 
no longer pursue this subject in the domain, of vague conjee* 
ture, or amid the undefined analogies of the ideal world ; for 
^ven here the progress made in the method of astronomical 
observations and calculatioi» has#enabled astronomy to take 
up its position on a firm basis. It is not only the discovery 
of ikut astounding numbers of douUe and multiple stars re- 
volving round a center of gravity lying toithotU their system 
(2800 such systems having been discovered up to 1837), but 
rather the extension of our knowledge regarding the funda- 
mental forces of the whole material winrld, and the proo& we 
have obtained of the universal empire of the laws of attrcus- 
tion, that must be ranked among the most brilliant discoveries 
of the age. The periods of revolniion of colored stars present 
the greatest difierences ; thus, in some instances, the period 
extends to 43 years, as in 97 of Corona, and in others to sev- 
eral thousands, as in 66 of Cetus, 38 of Gremini, and 100 of 
Pisces. Since Hersohers measurements in 1782, the satellite 
of the nearest star in the triple system of ( of Cancer has com- 
pleted more than one entire revolution. By a skillful com- 
bination of the altered distances and angles of position,t the 
elements of these orbits* may be found, conclusions drawn re- 
garding the absolute distance of the double stars from the 
Earth, and comparisons made between their mass and that 
of the Sun, Whether, however, here and in our solar sys^ 
tem, quantity of matter is the only standard of the amount 
of attractive force, or whether specific forces of attraction pro- 
portionate to the mass may not at the same time come into 
operation, as Bessel was the first to conjecture, are questions 

* Aristot;, 4$ Cmlo, iii., 2, p. 301, Bekker; Phyt.f vHi., 5, p. 256. 

t Bavary, in the Connaitmnee den TemSf 1830, p. 56 and 163. Enoke, 
Berl, Jahrb.f 1832, b. 253, &c. Arugo, in the Mwiairey 1834, p. 260, 
295. John Herschel, in the Memoirs of ike At£ranom, 8oe*f yol. v., p. 17 1. 
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whose practical solution must be left to future ages.* When 
we compare our Sun with the other fixed stars, that is, with oth 
er self-luminous Suns in the lenticular starry stratum of which 
our system forms a part, we find, at least in the case of some, 
that channels are opened to us, which may lead, at all events, 
to an a'pfproiifruxte and limited knowledge of their relative 
distances, volumes, and masses, and of the velocities of their 
translatory motion. If we assume the distance of Uranus 
from the Sun to be nineteen times that (^the Earth, that is 
to say, nineteen times as great as that of the Sun from the 
Earth, the central body of our planetary system will be 11, 900 
times the distance of Uranus from the star a in the constella- 
tion Centaur, almost 31,300 from 61 Cygni, and 41,600 from 
Vega in the constellation Lyra. The comparison of the vol- 
ume of the Sun with that of the fixed stars of the first mag- 
nitude is dependent upon the apparent diameter of the latter 
bodies — ^an extremely uncertain optical element. If even we 
assume, with Herschel, that the apparent diameter of Arctu- 
rus is only a tenth part of a second, it still follows that the 
true diameter of this star is eleven times greater than that ^ 
the Sun.t The distance of the star 61 Cygni, made known 
by Bessel, has led approximately to a knowledge of the quan- 
tity of matter contained in this body as a double star. Not- 
withstanding that, since Bradley's observations, the portion 
of the apparent orlnt traversed by this star is not sufficiently 
great to admit of our arriving with perfect exactness at the 
true orbit and the major axis of this star, it has been conjec- 
tured with much probability by the great Konigsberg astron- 
omer,) " that the mass of this doul^e star can not be very con- 
siderably larger or smaller than half of the mass of the Sun." 
This result is from actual measurement. The analogies de- 
duced from the relatively larger mass of those planets in our 
solar system that are attended by satellites, and from the fact 
that Struve has discovered six times more double stars among 

* Bessel, Unterattcknng: des TkeiU der planelarUchen Stdrungetif 
vtdche out der Bewegumg der Sonne entdehen (An Investigation of the 
portion of the Planetary Distorbancea depending on the Motion of the 
Son) in Abh. der Berl. Akad. der Witseneck,^ 1824 (Mathem. Clasae), 
s. 2-6. The question has been raised by John Tobias Mayer, in Con»- 
ment. Soc. Reg. Odtting., 1804-1808, vol. xvi., p. 31-68. 

t Pkiloe. Tram, for 1803, p. 225. Arago, in the Annuaire, 1842, p. 
375. In order to obtain a clearer idea of the distances ascribed in a 
rather earlier part of the text to the fixed atara, let ns assume that the 
]£arth is a distance of one foot from the Sun; Uranus is then 19 feet, 
and Vega Lyrsd is 158 geographical miles from it. 

t Bessel, m Schura., Jahrb., 1839, s. 5a 
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the brighter than amon^ the telescopic fixed stars, have led 
other astronomers to conjecture that the average mass of the 
larger number of the binary stars exceeds the mass of the 
Sun.* We are, however, far from having arrived at general 
results regarding this subject. Our Sun, according to Arge- 
lander, belongs, with reference to proper motion in space^ to 
the class of rapidly-moving fixed stars. 

The aspect of the starry heavens, the relative position of 
stars and nebulsB, the distribution of their luminous masses, 
the picturesque beauty, if I may so express myself, of the 
whole firmament, depend in the course of ages conjointly upon 
the proper motion of the stars and nebulae, the translation of 
our solar system in space, t^e appearance of new stars, and 
the disappearance or sudden diminution in the intensity of the 
light of others^ and, lastly and specially, on the chaises which 
the Earth's axis experiences from l^e attraction of the Sun 
and Moon. The beautiful stars in the constellation of the 
Centaur and the Southern Cross will at some future time be 
visible in our northern latitudes, while other stars, as Sirius 
and the stars in the Belt of Orion, will in their turn disappear 
below the horizon. The places of the North Pole will suc- 
cessively be indicated by the stars jS and a Cephei, BiuiS Cygni, 
until after a period of 12,000 years, Vega in Lyra Mrill shine 
forth as the brightest of all possible pole stars. These data 
give us s(Hne idea of the extent of the motions which, divided 
into infinitely small ^rtions of time, proceed without inter- 
mission in the great chronometer of the universe. If for a 
moment we could yield to the^wer of fancy, and imagine 
the acuteness of our visual organs to be made equal with the 
extremest bounds of telescopic vision, and bring together that 
which is now divided by long periods cf time, the apparent 
rest that reigns in space would suddenly disappear. We 
should see the countless host of fixed stars moving in thronged 
groups in difierent directions ; nebul» wandering through 
space, and becoming condensed and dissolved like cosmical 
clouds ; the vail of tiiie Milky Way separated and broken up 
in many parts, and motion ruling supreme in every portion oi 
the vault of heaven, even as on the, Earth^s surface, where we 
see it unfolded in the germ, the leaf, and the blossom, the or- 
ganisms of the vegetable world. The celebrated Spanish bot- 
anist Cavanilles was the first who entertained the idea of 
" seeing grass grow,'* and he directed the horizontal microme- 
ter threads of a powerfully magnifying glass at one time to 
* Madler, Attron,, b. 476 ; also in Schum., JaM-, 1839, B. 95v 
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ihfi apex of the sliDot of a bombnsa, and at another on tlie 
rapidly-gxowing fitemof an American aloe (Agave Americana), 
precisely as the astromMsoer places his cross of net-work against 
a culminating star. In the collective life of physical nature, 
in the organic as in the sidereal world, all things that have 
been, that are, and will be, are ahke dependent on motion. 

The breaking up of the Milky Way, of which I have just 
spoken, requires special notice. WiUiam Herschel, our safe 
and admirable guide to this portion of the regions of space, 
has discovered by his star-guagings that the telescopic bteadth 
of the Milky Way extm^db from six to seven degrees beyond 
what is indicated by our astronomical maps and by the extent 
of the sidereal radiance visible to the naked eye.* The two 
bnlUant nodes in which the branches of the zone unite, in the 
region of Cepheus and Cassiopeia, and in the vicinity of Scoi> 
pio and Sagittarius, appear to exercise a powerful attraction 
on the contiguous stars ; in the most briUiant part, however, 
between fi and y Cygni, one half of the 330,000 stars that 
have been discovered in a breadth of 5^ are directed toward 
one side, and the remainder to the other. It is in this part 
that Herschd. supposes the layer to be broken up.t The num- 
ber of telescopic stars in the Milky Way uninterrupted by any 
nebulas is estmiated at 18 miJlions. In order, I will not say, 
to realize the greatness of this number, but, at any rate, to 
compare it with something analogous, I will call attention to 
the fact that there are not in the whole heavens more than 
about 8000 stars, between the first and the sixth magnitudes, 
visible to the naked eye. The barren astonishment excited . 
by numbers and dimensions in space, when not considered 
with reference to applica^ons engaging the mental and per- 
ceptive powers of man, is awakened in both extremes of the 
universe, in the celestial bodies as in the minutest animal- 
eule^.t A cubic inch of the polishing slate of Bilin contains, 
according to Ehrenberg, 40,000 millions of the silicious sheila 
of Galionell». 

The atellar Milky Way, in the region of which, according to 
Argelander'ii admirable observations, the brightest stars of the 
firmament appear to be congregated, is almost at right angles 

* Sir William Herschel,in the Pkilos, Transact, for 181t, Part ii., 
p. 328. t Arago, in the Annnairef 1842, p, 459. 

t Sir John Herschel, in a letter from Feldhayaen, dated Jan. 13tb, 
1836. Nicholl, ArekUecture of the Heavens, 1838, p. 22. (See, also, 
Bome separate notices by Sir William Herschel on the starless space, 
which separates us by a great distance from the Milky Way, in the 
PhUoi, Transact, for 1817, Part ii., p..328.) 
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with another MiUcy Way, cM&posed of nebulsa. The fonner 
eoBstittttes, according to Sir John Henchel's vwvn, an annn- 
lus, that is to say, an independent ^one, somewhat remote from 
our lenticular-shaped starry stratum, and similar to Saturn's 
ring. Our planetary system Jies in an eccentric direction, 
nearer to the region of the Cross than to the diametricidly op- 
posite point, Cassiopeia.* An imperfectly seen nebutous spot, 
discovered by Messier in 1774, appeared to present a remark- 
able similaiity to the i^rm of our starry stiatum and tJie divided 
ring of our Milky Way .f The Milky Way composed of neb- 
ulae does not belong to oar starry stratum, but sunonnds it at 
a great distance without being physically connected with it, 
passing almost in the £3rm of a large cross through the dense 
nebulsB of Virgo, especially in the northern wing, throogh 
Corns Berenicis, Ursa Major, Andromeda's girdle, and Pisces 
Boieales. It probably intersects the stellar Afilky Way in 
Cassiopeia, and ecmnects its dreary poles {rendered starless ironi 
the attractive forces by which stellar bodies are made to ag- 
glomerate into groups) in the least dense portion of the starry 
stratum. 

We see from 'fiiese considerations that our starry cluster, 
which bears traces in its projecting branches of having been 
subject in the eourse of time to various metamorphoses, and 
evinces a tendency to dissolve and separate, owing to second- 
ary centers of attrsfcction — is surrounded by two rings, one of 
which, the nebulous zone, is very remote, while the other is 
nearer, and composed of stars alone. The latter, which we 
generally term the Milky Way, is composed of nebulous stars, 
averaging from the tenth to the eleventh degree of magni- 
tude,J but appearing, when considered individuaBy, of very 
diHerent magnitudes, while isolated starry clusters (starry 
swarms) almost always exhibit throughout a character df 
great uniformity in magnitude and brilliancy. 

In whatever part the vault of heaven has been pierced by 
powerful and far-penetrating telescopic instruments, stars or 
luminous nebulae are every where discoverable, the former, in 

^ Sir John Herschel, Astronom,, $ 624 ; Hkewise in his Obsertfotumt 
on Nebula and Clusters of Stars (PJUl. Tran§act.^ 1833, Part ii.,p. 479, 
fig. 25) : " We have here a brother system, bearing a real phyRteal re- 
semblance and strong analogy of structure to our own."' 

t Sir William Herschel, in the Phil. Trdns. for 1785, Part i., p. 257. 
Sir John Herschel, Astron., $ 616. (" The nesbuUius region of the heav- 
ens forms a nebulous Milky Way, composed of distinct nebole, as the 
other of stars." The ft) me observation was made in a letter he addressed 
to me in March, 1829.) X Sir John Herschel, Astr<m., $ 585. 
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K»ne cases, not exceeding the twentieth, or twenty^fourth da- 
gzee of telescopic magnitude. A portion of the nebulous vapoi 
^would probably be found resolvable into stars by more power- 
ful optical instruments. As the retina retains a less vivid im- 
pression of separate than of ipfinitely near luminous points, 
less strongly marked photometric relations are excited in the 
latter case, as Arago has recently shown.^ The definite or 
amorphous cosmicsd vapor so universally difiused, and which 
generates heat through condensation, probably modifies th^ 
transparency of the universal atmosphere, and diminishes that 
uniform intensity of light which, according to Halley and Ol- 
bers, should arise, if every point throughout the depths of space 
were filled by an infinite series of stars.f The assumption of 
such a distribution in space is, however, at variance with ob- 
servation, which shows us large starless regions of space, qpen^ 
ings in the heavens, as William Herschel terms them — one, 
four degrees in width, in Scorpio, and another in Serpentari- 
us. In the vicinity of both, near their margin, we find un- 
resolvable nebulsB, of which t^at on the western edge of the 
apemag in Scorpio is one of the most richly thronged of the 
clusters of small stars by which the firmament is adorned. 
Herschel ascribes these openings or starless regions to the at- 
tractive and agglomerative forces of the marginal groups. $ 
" They are parts of our starry stratum," says he, with his 
usual graceful animation of style, ^' that have experienced 
great devastation from time." If we picture to ourselves the 
telescopic stars lying behind one another as a starry canopy 
spread over the vault of he9,ven, these starless regions in Scor- 
pio and Serpentarius may, I think, be regarded as tubes 
through which we may look into the remotest depths of space. 
Other stars may certainly lie in those parts where the strata 
forming the canopy are interrupted, but these are unattainable 
by our instruments. The aspect of fiery meteors had led the 
ancients Hkewise to the idea of clefls or openings (chasmata) 
in the vault of heaven. These openings were, however, only 
regarded as transient, while the reason of their being luminous 
and fiery, instead of obscure, was supposed to be owing to the 

• Arago, in the Annuaire, 1842, p. 282-285, 409-411, and 439-4^. 

t Olbers, on the transparency of celestial space, in Bode's Jahrh, 
1826» 8. 110-121. 

X "An opening in the heavens," William Herschel, in the PhU. Tram. 
for 1785, vol. Ixxv., Part i,, p. 256. Le Fran^ais Lalande, in the Con-' 
naits. des Tema pour VAn. VIII., p. 383. Arago, in the Annuairt, 
1842, p. 425. 
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tranaiaeent iHominated ether whi<^ lay beyond them.* Der* 
ham, and even Huygens, did not appear disinclined to explain 
in a similar manner the mild radiance of the nebulsd.f 

When we compare the stars of the first magnitude, ^hich, 
on an average, are certainly the nearest to ns, with the non- 
nebulous telescopic stars, and £irther, when we compare the 
nebulous stars with unresolvable nebulss, for instance, with 
the nebula in Andromeda, or even with the so-called planetary 
nebulous vapor, a fact is made manifest to us by the consider- 
ation of the varying distances and the boundlessness of space, 
which shows the world of phenomena, and that which con- 
stitutes its causal reality, to be dependent upon the propagor 
Hon of light. The velocity of this propagation is, according 
to Struve's most recent investigations, 166,072 geographicid 
miles in a second, consequently almost a million of times 
greater than the velocity of sound. According to the meaa- 
u'rements of Maclear, Bessel, and Struve, of the parallaxes 
and distances of three fixed stars of very unequal magnitudes 
(a Centauri, 16 Cygni, and a Lyres), a ray ef light required 
respectively 3, 9j^, and 12 years to reach us from these three 
bodies- In the short but memorable period between 1572 
and 1604, from the time of Cornelius Gremma and Tycho 
Brahe to that of Kepler, three new stars suddenly appeared 
in Cassiopeia and Cygnus, and in the foot of Serpentarius* 
A similar phenomenon exhibited itself at intervals in 1|S70, in 
the constellation Vulpia. In recent tinaes, even since 1837, 
Sir John Herschel has observed, at the Cape of Good Hope, 
the brilliant star tj in Argo in<»«ase in splendor firom the 
second to the first magnitude.^: These events in the universe 
belong, however, with reference to their historical reality, to 
other periods of time than those in which the phenomena of 
light are first revealed to the inhabitants of the Earth : they 
reach us like the voices of the past. It has been truly said, 
that with our large and pow^ul telescopic instruments we 
penetrate alike through the boundaries of time and space : we 
measure the former through the latter, for in the course of an 

* AriBtot, Meteor,, ii., 5, 1. Seneca, Naiur, Quait.f i., 14, 3. " CoB- 
jnin discessiase," in Cic, de Divin., i, 43. 

t Arago, in the ^»f»«atre, 1842, p. 429. 

t In December, 1837, Sir John Herschel eaw the star 9 Argo, which 
till that time appeared as of the second magnitade, and liable to no 
change, rapidly increase till it became of the nrst magnitude. In Jan- 
uary, 1838, the intensity of its light was equal to that of a C^taori. 
According to oar latest information, Maclear, in March, 1843, found it 
as bright as Canopus ; and even u Crucis looked faint by tf Argo. . 

G2 
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hour a ray of light traTeraes over a space of 592 millions of 
miles. While, according to the theogony of Hesiod, the di- 
mensions of the universe were supposed to be expressed by the 
time occupied by bodies in falling to the ground (" the brazen 
anvil was not more than nine days and nine nights in falling 
from heaven to earth"), the elder Hersehel was of ojnnion'i^ 
that l^ht required almost two milhons of years to pass to the 
Earth from Uie remotest luminous vapor reached by his forty* 
foot reflector. Much, therefore, has vanished long before it 
is rendered visible to us — much that we see was once difier- 
ently arranged from what it now appears. The aspect of the 
starry heavens pres^its us with the spectacle of that which 
is only apparently simultaneous, and however much we may 
endeavor, by the aid of optical instruments, to bring the mild- 
ly-radiant vapor of nebulous masses or the faintly-glimmering 
starry clusters nearw, and diminish the thousands of years 
interposed between us and them, that serve as a criterion of 
their distance, it still remains more than probable, from the 
Jmowledge we possess of the velocity of the transaaiission of 
luminous rays, that the light of remote heavenly bodies pre* 
sents us with the most ancient perceptible evid^ice of the ex« 
istence of matter. It is thus that the reflective mind of man 
IS led from simple prenuses to rise to those exalted heights of 
nature, where, in the light-illumined realms of space, *' myriads 
of worlds are bursting into life Hke the grass of the night."! 
From the regions of celestial forms, the domain- of Uranus, 
we will now descend to the more contracted sphere of terres- 
trial forces — to the interior of the Earth itself. A mysterious 
chain links together both classes of phenomena. According 
to the ancient signification of the Titanic myth,} the powers 
of organic life, that is to say, the great order of nature, depend 
upon the combined action of heaven and earth. If we sup- 
pose that the Earth, like aU the other planets, primordially 
belonged, according to its origin, to the central body, the Sun, 
and to the solar atmoi^ere that has been separated into neb- 

* " Henoe it follows that the rays of light of the remotest nebulae 
most have been almost two millions of years on their way, and that 
consec^uently, so many years ago, this olnect most already, hare had 
an existence in the sidereal heaven, in oordiBr to send oat those rays by 
which we now perceive it." William Hersehel, in the PhiL Trans, 
for 1802, p. 498. John Hersehel, ^jrfron., $590. Arago, in the ^n* 
nuairer 1842. p. 334, 359, and 382-385. 

t From my brother's beaatiful sonnet " Freiheit und Gesetz*" (WU- 
helm von Humboldt, Getammelte Werke, bd. iv., s. 358, No. 25.) 

t Otfried MiBiller, ProUgotnena, s. 373. 
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niouB lings/ the same connection 'witli this contigiums Sun, as 
well as with all the remote suns that shine in the finnament, 
is still revealed through the phenomena of light and radiating 
heat. The di€erence in the degree of these actions must not 
Lead the physicist, in his delineation of natiire, to fi)rget the 
connection and the common empire of similar forces in the 
universe. A small firaetion of teOorio heat is derived fiom 
the regions of untversal space in which our j^baeta^ system 
is moving, whose temperature (which, according to Fourier, 
is almost equal to our me^n icy polar heat) is the result <i£ the 
combined radiation of all the stars. The causes tiiat more pow- 
erfully exeite the light of the Sun in the atmosphere and in the 
upper strata of our air, that give rise to heat-engendering elec** 
trie and magnetic currents, and awaken and genially vivify 
the vital spark in organic structures on the earth's snr&ce, 
must be reserved for the subject of our future consideration. 

As we purpose for the present to eoniine ourselves exclusive- 
ly within the telluric sphere of nature, it wiU be expedient to 
cast a preliminary glance over the rd&tions in space of solids 
and fluids, the form of the Earth, its mean density, and the 
partial distribution of this density in the interior of our planet, 
its temperature and its electro-magnetic tension. From the 
consideration of these relations in space, and of the forces in- 
herent in matter, we shall pass to the reaction of the interior 
on the exterior of our globe ; and to the special consideration 
of a uniTersally distributed natural power— subterranean heat ; 
to the phenomena of earthquakes, exhibited in unequally ex- 
panded circles of commotion, which are not referable to th» 
action of dynamic laws alone ; to the springing forth of hot 
wells ; and, lastly^ to the more powerful actions of volcania 
processes. The crust of the Earth, which may scarcely hav» 
been perceptibly elevated by the sudden and repeated, or al- 
most uninterrupted shocks by which it has been moved from 
below, undergoes, nevertheless, great changes in the course of 
centuries in the relations of the elevation of solid portions, 
when compared with the Surface of the liquid parts, and even 
m the form of the bottom of the sea. In thiB manner si- 
multaneous temporary or permanent issures are o^iCed, by 
which the interior of the Earth is brought in contact with 
the external atmosphere. Molten masses, rising from an u&-> 
known depth, flow in narrow streams along the declivity of 
mountains, rushing impetuously onward, or moving slowly 
and gently, until the fiery soured is quenched in the midst of 
exhalations, and the lava becomes bicnisted, as it were, by 
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the solidification of its outer surface. New masses of rocks 
are thus formed before our eyes, while the older ones are ia 
-^eir turn converted into other forms by the greater or lesser 
agency of Plutonic forces. Even where no disruption takes 
place the crystalline molecules are displaced, combining to 
form bodies of denser texture. The water presents structures 
of a totally di&rent nature, as, for instance, concretions of 
animal and vegetable remains, of earthy, calcareous, or alumin- 
ous precipitates, agglomerations of finely-pulverized mineral 
bodies, covered with layers of the sHioious shields of infusoria, 
and with transported soils containing the bones of fossil ani- 
mal forms of a more ancient world. The study of the strata 
which are so diJ9erently formed and arranged before our eyes, 
and df all that has been so variously dislocated, contorted, and 
upheaved, by mutual compression and volcanic force, leads 
the reflective observer, by simple analogies, to draw a com- 
parison between the present and an age that has long passed. 
It is by a combinatiooi of actual phenomena, by an ideal en- 
largement of relations in space, and of the amount of active 
forces, that we are able to advance into the long sought and 
indefinitely anticipated domain of geognosy^ which has only 
within the last half century been based on the solid founda- 
tion of scientific deduction. 

It has been acutely remarked, " that, notwithstanding our 
continual employment of large telescopes, we are less ac- 
quainted with Ihe exterior than with the interior of other 
planets, excepting, perhaps, our own satellite." They have 
been weighed, and their volume measured ; and their mass 
and density are becoming known with constantly-increasing 
exactness ; thanks to the progress made in astrononucal ob- 
servation and calculation. T^eir physical character is, how- 
ever, hidden in obscurity, for it is only in our own globe that 
we can be brought in immediate contact with all the ele- 
ments of organic and inorganic creation. The diversity of 
the most heterogeneous substances, their admixtures and met^ 
amorphoses, and the ever-changing play of the forces called 
into action, aflbrd to the human mind both nourishment and 
enjoyment, and open an immeasurable field of observation, 
from which the intellectual activity of man derives a great 
portion of its grandeur and power. The world of perceptive 
phenomena is reflected in the depths of the ideal world, and 
the richness of nature and the mass of all that admits of claa- 
sifioation gradually become the objects of inductive reasoning. 

I would h^re aUude to the advantage, of which I have al- 
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iready spoken, posseesed by that portion of physical seienob 
whose origin is Hajiiiliar to us, and is connected with our earth- 
ly existence. The physical description of celestial bodies, from 
the remotely-glimmering nebulae with their suns, to the central 
body of our own system, is limited, as we have seen, to gen- 
eral conceptions of the volume and quantity of matter. No 
manifestation of vital activity is there presented to our senses. 
It is only from analogies, frequently from purely ideal, com- 
binations, that we hazard conjectures on the specific el^oaents 
of matter, or on their various modifications in the dilTerent 
planetary bodies. But the physical knowledge of the het- 
erogeneous nature of matter, its chemical diJSerences, the reg^ 
ular forms in which its molecules combine together, whether 
in crystals or granules; its relations to the deflected or de- 
composed waves of light by which it is penetrated ; to radi- 
ating, transmitted, or polarized heat ; and to the brilliant or 
invisible, but not, on that account^ less active phenomena of 
electro-magnetism — all this inexhaustible treasure, by which 
the enjoyment of the contemplation of nature is so much 
heightened, is dependent on the surface of the planet which 
we inhalut, and more on its solid than on its Hquid parts. I 
have already remarked how greatly the study a£ natural ob* 
jects and forces, and the infinite diversity of the sources they 
open for our consideration, strengthen the mental activity, and 
call into action every manifestation of intellectual progress. 
These relations require, however, as little comment as that 
concatenation of causes by which particular nations are per* 
mitted to enjoy a superiority over others in the exercise of a 
material power derived from their command of a portion of 
these elementary forces of nature. 

If, on the one hand, it were necessary to indicate the dif* 
ference existing between the nature of our knowledge of the 
Earth and of that of the celestial regions and their contents, 
I am no less desirous, on the other hand, to draw attention 
to the limited boundaries of that portion of space from whioh 
we derive all our knowledge of the heterogeneous character 
of matter. This has been somewhat inappropriately termed 
^e Earth's crust; it includes the strata most contiguous to 
the upper surface of our planet, and which have been laid 
open fiefore us by deep fissure-like valleys, or by the labors of 
man, ia the bores and shafts formed by miners. These labors* 

* In Bpe^i&g of the greatest depths within the Earth reached by hiu 
man Uil>or, vfe mast reooUect that there is a difference between the o^* 
toluie d€f€h (that is to say, the depth below the Earth's sorfiuse at that 
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do not extend Jbeyond a vertical depth of samawhat more than 
2000 &et (ahout od» thiid of a geographical mile) below the 

point) and the relative depth (or that beneath the level of the seaV The 
greatest relatiTe depth that man has hitherto reached is probaoly the 
bore at the new salt-works at Minden, in Proasia: in Jane, 1844, it 
w^ exauDiiy 1993 feet, the absolute depth being 2231 fiset The tern 
perature of the water at the bottom was 91° F., which, assuming th« 
mean temperature of the air at 49^*^, gives an augmentation of tem> 
perature of 1° for every 54 feet. The absolute depth of the Artesian 
well of Grenelle, near Paris, is onW 1795 feet According to the ac- 
count of the missioaary Imbert, the fire-springs, ** Housing,'' of the Ohi- 
nese, which are sunk to obtain [carbureted] hydrogen gas for salt-boil- 
ing, far exceed our Artesian springs in depth. In the Cninese province 
of Sztl-tschuan these fire-sprmgs are very commonly of the depth of 
more than 2000 feet; indeed, at Tsea*liea*tsing (the plaee of continual 
flow^ there is a Ho-tsing which, in the year 1812, was fbond to be 3197 
feet deep. (Humboldt, Ade CerUrale, t. ii., p. 521 and 525. AnnaUk 
de r Association de la Propagation de la Foi, 1829, No. 16, p. 369.) 

The relative depth reached at Mount Massi, in Tuscany, south of 
Yolterra, amounts, aiccording to lufottenci, to only 1253 feet. The bor- 
ing at the new salt-works near Minden is probably of about the same 
reUitive depth as the coal-mine at Apendale, near Newcastle-under- 
Lyme, in Staffordshire, where men work 725 yards below the surface 
of the earth. (Thomas Smith, Miner* t Guide, 1836, p. 160.) Unfortu- 
nately, I do not know the exact heieht of its month above the level 
of the sea. The relative depth of Sie Monk-wearmonth mine, near 
Newcastle, is only 1496 feet. (Phillips, in the Pkilos. Mag,, vol .v., 
1834, p. 446.) Tnat of the Liege coal-mine, rE^^ranee, at Seraingi 
is 1355 feet, according to M. von Dechen, the director ; and the old 
rame of Marihaye, near Val-St-Lambert, in the vaUey of the Maes, 
is, according to M. Gemaert, Ing^niear des Mines, 1233 feet in dopth. 
The works of greatest absolute depth that have ever been formed 
are for the most part situated in such elevated plains or valleys that 
they either do not descend so low as the level of the sea, or at most 
reach very little below it Thus the Eselschacht, at Kattenberg, in Bo- 
hemia, a mine which can not now be worked, had the enormous abso- 
lute depth of 3778 feet. (Fr. A. Schmidt, Berggesetze der otter Mon., 
abth. i., bd. i., s. xxxii.) Also, at St. Daniel and at Geish, on the B5rer- 
bOhel, in the Landgerickt (or provincial district) of KitzbtShl, there 
were, in the sixteenth century, excavations of 3107 feet. The plana 
of the works of the Ri^rerbQhel are still preserved. (See Joseph von 
Sperges, TyroUr BergwerksgetchicJUef s. 121. Compare, also, Hum- 
boldt, Ghitachten fiber Herantreibung des Meissner StoUens in die Frei' 
herger Erzrevier, {tinted in Herder, Htber den jetz begonnenen Efbstot- 
fell, 1838, s. cxxiv.) We may presume that the knowledge of the ex- 
traordinary depth of the Bftrerbtthel reached EngUmd at an early period^ 
for I find It remarked in. Gilbert, de Maenete^ that men have penetrated 
2400 or even 3000 feet into the crust of the Earth. (" Exigua videtur 
terne portio, qus unquam homkiibus spectanda emerget aut eruitur; 
cumprofundius in ejus viscera, ultra efflorescentis extremitatis corrupte- 
lam, aut propter aquas in magnis fodinis, tanquam per venas scatnrientes 
aut |>ropter aeris salubrioris ad vitam operarioram sustinendanji neces- 
sarii defectum, aut propter ingentes sumptns ad tantos labores exant- 
landos, multasqae diiBcnltates, ad profundiores terr« partes penetiare 
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level of ike flea, and eonseqaently otdy about ^tVt^ ^^ ^^^ 
Earth's radius. The crTstallme masses that have been erupt- 
ed from active volcanoes, and are generally similar to tiie 
rocks on the upper surfaoe, have come ^m depths which, 
although not accurately determined, must certainly be sixty 
times greater than those to which human labor has been ena- 
bled to penetrate. We are able to give in numbers the depth 
of the shaft where the strata of coal, after penetrating a cer- 
tain way, rise again at a distance that admits of being accu- 
rately defined by measurements. These dips show that the 
carboniferous strata, together with the fossil organic remains 
which they contain, must lie, as, for instance, in Belgium, 
more than five or six thousand feet* below the present level 

Hon possomus; adeo ut quadriogentas aiit [[quod rarisaime] qainsentay 
orgyas in qnibusdam metallis descendisse, stupendos omnibas videatur 
cgnatos.'* — Galielmi Gilberti, CdGestrensis, de Magneie Phyriologia 
nona. Lond., 1600, p. 40.) 

The absolate depth of toe minea in the Saxon Erzgebjrge, near Frei- 
burg, are : in the Thurmhofer mines, 1944 feet ; in the Honenbirker 
mines, 1827 feet ; the relaftive depths are only 677 and 277 feet, if, in 
order to calculate the elevation of the mine's mouth above the level of 
the sea, we regard the elevation of Freibure as determined by Beich's 
recent observations to be 1269 feet. The absoUite depth of the cele- 
brated mine of Joachimsthal, in Bohemia ( Verkreuzung des Jung Haue^ 
Zecben-Und Andreasganges), is full 2120 ieet ; so that, as Von Decheu's 
measurements show tnat its surface is about 2888 feet above the level 
of the sea, it follows that the excavations have not as yet reached that 
point. In the Harz, the Samson mine at Andreasberg has an absolute 
depth of 2197 feet. In what was formerly Spanish America, I know 
of no mine deeper than the Yalenciana, near Guanaxuato (Mexico), 
where I found the absolute depth of the Planes de San Bernardo to be 
1686 feet ; but these planes are 5960 feet above the level of the sea. 
If we compere the depth of the old Ku^nberger mine (a depth great* 
er than the height of our Brodcen, and only 200 feet less than that of 
Vesuvius) with the loftiest structures that the hands of man have erect- 
ed (with the Pyramid of Ghe<^ and with the Cathedral of Strasbnrg), 
we find that they stand in the ratk> of eight to one. In this note I have 
collected aU the certain information I could find regarding the great- 
est absolute and relative depths of mines and borings. In descending 
eastward from Jerusalem toward the Dead Sea, a view presents itselt 
to the eye, which, according to our present hypsometeical knowledge 
of the Burfece of our planet, is nnnvaled in any country ; as we ap- 
' proach tiie open ravine through wMch the Jordan takes its coarse, we 
tread, with the open sky above us, oh rocks which, according to the ba- 
rometric measurements of Berton and Bussegger, are 1385 feet below the 
level of the Mediterranean. (Humboldt, Ane Centrales th. ii., p. 323.) 
* Basin-shaped curved strata, which dip and reappear at measurable 
distances, although their deepest portions are beyond the reach of the 
miner, affi>rd sensible evidence of the nature of the earth^s crust at great 
depths below its surface. Testimony of this kind possessed, con8equen^• 
ly, a great geognostic interest. I am indebted to that exceJIent geog- 
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of the sea, and that the calcareous and the cuired strata of 
the Devonian hasin penetrate t^ce that depth. If we com- 
pare these subterranean basins with the summits of mountains 
that have hitherto been considered as the most elevated por- 
ticms of the raised crust of the Earth, we obtain a distance of 
37,000 feet (about seven miles), that is, about the j^^ th of 
the Earth's radius. These, therefore, would be the limits of 
vertical depth and of the superposition of mineral strata to 
which geognostical inquiry could penetrate, even if the gener- 
al elevation of the upper surface of the earth were equal to 
ike height of the Dhawalagiri in the Himalaya, or of the 
Sorata in Bolivia. All that lies at a greater depth below the 
level of the sea than the shafts or the basins of whioh I have 
spoken, the limits to which man's labors have penetrated, or 
than the depths to which the sea has in some few instances 
been sounded (Sir James Ross was unable to find bottom with 
27,600 feet of line), is as much unknown to us as the interior 
of the other planets of our solar system. We only know the 
mass of the whole Earth and its mean density by comparing 
it with the open strata, which alone are accessible to us. In 
the interior of the Earth, where all knowledge of its chemical 
and mineralogical character fails, we are again limited to as 
pure conjecture, as in the remotest bodies that revolve round 
the Sun. We can determine nothing with certainty regard- 
ing the depth at which the geological strata must be supposed 
to be in state of soilening or of hquid fusion, of the cavities 
occupied by elastic vapor, of the condition of fluids when 
heated under an enormous pressure, or of the law of the in- 

nosist, Von DecheD, ibr the fallowing observations. " The depth of 
the coal basin of Liege, at Mont St. Gules, which I, in coi^anction with 
oar friend Von Oeynhausen, have ascertained to be 3890 feet below 
the surface, extends 3464 feet below the sarfetse of the sea, for the ab- 
eolate height of Mont St. GiQes certainly does not much exceed 400 
feet ; the coal basin of Mons is fully 1865 feet deeper. But all thes& 
deptha are trifling compared vnth those which are presented by the 
coal strata of Saar-Revier (SaarbrQcken). I have found, after repeated 
examinations, that the lowest coal stratum which is known in the neigh- 
borhood of Duttweiler, near Bettingen, northeast of Saarlouis, must de- 
scend to depths of 20,682 and 22,015 feet (or 3*6 geographical miles) 
below the level of the sea.** This result exceeds, by more than 8000 
feet, the assumption made in the text regarding the basin of the De- 
vonian strata. This coal-field is therefore suok as far below the sur- 
&ce of the sea as Ghimborazo is elevated above it— at a depth at which 
the Earth's temperature must be as hifh as 435^ F. Hence, from the 
highest pinnacles oi the Himalaya to the lowest basins containing the 
vegetation of an earlier world, there is a vertical distande of about 
48,000 feet, or of the 435th part of the Earth's radioa. 
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crease of density £rom the upper surface to the ceater of the 
Earth. 

The consideration of the increase of heat with the increase 
of depth toward the interior of our planet, and of the reaction 
of the interior on the external orust, leads us to the long series 
of volcanic phenomena. These elastic forces are manifested 
in earthquakes, eruptions of gas, hot wells, mud volcanoes and 
lava currents firom craters of eruptions, and even in producing 
alterations in the level of the sea.* Large plains and ,vari- 
ously indented continents are raised or sunk, lands are sep^ 
furated from seas^ and the ocean itself, which is permeated hy 
hot and cold currents, coagulates at hoth poles, converting, 
water into dense masses of rock^ which are either stratified and 
fixed, or broken up into floating banks. The boundaries of 
sea and land, of fluids and solids, are thus variously and fre- 
quently changed. Plains have undergone oscillatory move- 
ments, being alternately elevated and depressed. After the 
elevation of continents, mountain chains were raised upon long 
fissures, mostly parallel, >and, in that case, probably eotem- 
poraneous ; and salt lakes and inland seas^ long inhabited by 
the same creatures, were forcibly separated, the fossil remains 
of shells and zoophytes still giving evidence of their original 
connection. Thus, in following phenomena in their mutual 
dependence, we are led fi:om the consideration of the forces 
acting in the interior of the Earth to those which cause erup- 
tions on its sur&ce, and by the pressure of elastic vapors give 
rise to burning streams of lava that flow from open fissures. 

The same powers that raised the chains of the Andes and 
the Himalaya to the regions of perpetual snow, have occa- 
sioned new compositions and new textures in the rocky masses, 
and have altered the strata which had been previously de- 
posited firom fluids impregnated with organic sul^tances. We 
here trace the series of formations, divided and superposed ac- 
cording to their age, and depending upon the changes of con- 
figuration of the surface, the dynamic relations of upheaving 
forces, and the chemical action of vapors issuing from the 
fissures. 

The form and distribution of continents, tliat is to say, of 
that sohd portion of the Earth's surface which is suited to the 
luxurious development of vegetable life, are associated by in- 
timate connection and reciprocal action with the encircling 

* [See Daobeney On Volcanoes, 2d edit., 1848, p. 539, &c., on the so- 
called mud volcanoes, and the reasons advanced in favor of adopting the 
term ** salses" to demgnate these phenomena.]-— TV. 
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flea, in which oi^nic life is almost entirely limited to the ani- 
mal world. The liquid element ia again covered by the at- 
mosphere, an aerial ocean in whidi the mountain chains and 
high plains of the dry land rise like shoals, occasioning a va- 
riety of currents and changes of temperature, collecting vapor 
from the region of clouds, and distributing life and motion by 
the action of the streams of water which flow from their de- 
clivities. 

While the geography of plants and animals depends on 
these intricate relations of the distribution of sea and land, the 
configuration of the surface, and the direction a[ isothermal 
lines (or zones of equal mean annual heat), we find that the 
case is totally different when we consider the human race— - 
the last and noblest subject in a physical description of the 
globe. The characteristic difieronoes in races, and their rela- ■ 
tive numerical distribution over the Earth's surface, are con- 
ditions afiected not by natural relations alone, but at the same 
time and specially, by the progress of civilbsation, and by moral 
and intellectual oultiTation, on which depends the political 
superiority that distinguishes national progress. Some few 
races, clinging, as it were, to the soil, are suj^lanted and ruined 
by the dangerous vicinity of others more civilized than them^ 
selves, until scarce a trace of their existence remains. Other 
races, again, not the strongest in numbers, traverse the liquid 
element, and thus become the first to acquire, although late, 
a geographical knowledge of at least the maritime lands of the 
whole surface of oxa globe, from pole to pole. 

I have thus, before we enter on the individual characters 
of that portion of the delineation of nature which includes the 
sphere of telluric phenomena, shown generally in what man- 
ner the consideration of the form of the Earth and the inces^ 
sant action of electro-magnetism and subteiranean heat may 
enable us to embrace in one view the relations of honzcmtal 
expansion and elevation on the Earth's surface, the geognostic 
type of formations, the domain of the ocean (of the liquid por- 
tions of the Earth), the atmosphere with its meteorological 
processes, the geographical distribution of plants and animals, 
and, finally, the physical gradations of the human race, which, 
is, exclusively and every where, susceptible of intellectual cttl« 
ture. This unity of contemplation presupposes a connection 
of phenomena according to* their internal combination. A 
mere tabular arrangement of these facts would not fulfill the 
object I have proposed to myself, and would not satisfy that 
requirement for cosmical piesentation awdcened in ma by the 
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B«p6ot of nature in my joara^^ngs by sea ft&d land, hj tbd' 
cardiil study of forms and forces, and by a vivid impression 
of the nnity of nature in the midst of the most varied portions 
of the Earth. In the rapid advance of all branches of physical 
science, much that is deficient in this attempt vnll, perhaps, 
at no remote period, be coirected, and rendered more perfect, 
lor it belongs to the history of the development of knowledge 
that portions which have long stood isolated become gradually 
connected, and subject to higher laws. I only indicate the 
eoopirieal path in which I and many others of similar pursuits 
with myself are advancing, full of expectation that, as Plato 
tells us Socrates once desired, " Nature may be interpreted by 
reason alone."* 

The delineation of the principal characteristics of telluric 
phenomena must begin with the &rm of our planet and its 
relations in space. Here, too, we may say that it is not only 
the mineralogicar character of rocks, whether they are crys- 
talline, granular, or densely fossihferous, but the geometiical 
£)rm of the Earth itself, which indicates the mode of its origin, 
and is, in fact, its history. An elliptical spheroid of revolu- 
tion gives evidence of having once been a soft or flxdd mass. 
Thus the Earth's compression constitutes one of the most an- 
cient geognostic events, as every attentive reader of the book 
of nature can easily discern.; and an analogous fact is pre- 
sented in the case of the Moon, the perpetual direction of whose 
axes toward the Earth, that is to say, the increased accumula- 
tion of matter on that half of the Moon which is turned to- 
ward us, determines the relations of the periods of rotation and 
revolutiwi, and is probably cotemporaneous with the earliest 
epoch in the formative history of this satellite. The mathe- 
matical figure of the Earth is that which it would have were 
its surface covered entirely by water in a state of rest ; and it 
is this assumed form to which all geodesical measurements of 
degrees refer. This mathematical surface is different from 
that true physical surface which is afiected by all the acci- 
deatB and inequalities of the solid parts.f The whole figure 
of the Earth is determined when we know the amount of the 

• Plato, PhadOf p. 97. (Arist., Metapk.f p. 985.) Compare Hegel, 
Pkiloiophie der Oeschichte, 1840, s. 16. 

t Bessel, Allgemeine Betrachtungen uber Grctdmesmngen naeh aalro" 
nofnitck'geoddiischen Arbeiteiif at' the conclusion of Bessel and Baeyer, 
ChradmesMung in Ostpreutsen^ s. 427. Regarding tbe accumulation of 
matter on the side of the Moon tamed toward hb (a subject noticed 
in an earlier part of the text), see Laplace, Ea^t, du Syti, du MondCf 
p. 308. 
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Qompresftion at the poles and- the equatorial diameter ; in or* 
der, however, to obtain a perfect representation of its form it 
is necessary to have measurements in two directions, perpen- 
dicular to one another. 

Eleven measurements of degrees (or determinations of the 
curvature of the Earth's surface in di&rent parts), of which 
nine only belong to the present centu^, have made us ac- 
quainted with the size of our globe^ which Pliny named " a 
point in the immeasurable universe. " * If these measurements 
do not always accord in the curvatures of difierent meridians 
imder the same degree of latitude, this very circumstance 
speaks in favor of the exactness of the instruments and the 
methods employed, and of the accuracy and the fidelity to 
nature of these partial results. The conclusion to be drawn 
from the increase of forces of attraction (in the direction from 
the equator to the poles) with respect to the figure of a planet 
is dependent on the distribution of density in its interior* 
Newton, from theoretical principles, and perhaps likewise 
prompted by Cassini's discovery, previously to 1666, of the 
compression of Jupiter,t determined, in his inunortal work, 
PhilosophicB JNaturcUis PHndpia, that the compression of the 
Earth, as a homogeneous mass, was y^i^th. Actual meas- 

* Plin., ii., 66. Seneca, Nat, Quteri., Prof., c. ii. *« El mondo es 
poco'* (the Earth is small and narrow), writes Oolambns from Jamaica' 
to Queen Isabella on the 7th of July, 1503 ; not because he entertained 
the philosophic views of the aforesaid Romans, but because it appeared 
advantageous to him to maintain that the journey from Spain was not 
long, if, as he observes, " we seek the east from the west.^' Con^are 
rsxfj^xamen Crit. de VHUt. de la Oiogr. du 15me Siicle, t. i., p. 83, and 
t. iL, p. 327, where I have shown that the opinion maintained by De- 
lisle, Fr6ret, and Gosselin, that the excessive differences in the state- 
ments regarding the Earth's circumference, found in the writings of 
the Greeks, are only apparent, and dependent on different values being 
attached to ihe stadia, was put forward as early as 1495 by Jaime Fer- 
rer, in a proposition regarding the determination of the line of demark- 
ation of the papal dominions. 

t Brewster, Life of Sir Isaac Newton, 1831, p. 162. " The discovery 
of the spheroidal form of Jupiter by Cassini had probably directed the 
attention of Newton to the determination Af its cause, and, consequent- 
ly, to the investigation of the true fisure of the Earth." Although Cas- 
sini did not announce the amount of the compression of Jupiter (y*^Ui) 
till 1691 (AncieTis M^moires de VAcad. des ScieneeSf t. ii., p. 108), yet 
we know from Lalande (Astron., 3me 6d., t. iii., p. 335) mat Moraldi 
possessed some printed sneets of a Latin work, " On the Spots of the 
Planets," commenced by Cassini, from which it was obvious that he 
was aware of the compression of Jupiter before the ^ear 1666, and 
therefore at least twenty-one years before the publication of Newton'a 
PHncipiA 



Digitized by VjOOQ IC 



FiaURE OP THE EARTH. 165 

ttrements, made by the aid of ndw and more perfect analysis, 
have, however, shown that the compreseion of the poles of the 
terrestrial spheroid, when the density of the strata is regarded 
as increasing toward the center, is very nearly s^^th. 

Three methods have beeik employed to investigate the curv* 
ature of the Earth's surface, viz., measurements of degrees, 
oscillations of the pendulum, and observations of the inequal- 
ities in the Moon's orbit. The first is a direct geometrical 
and astronomical method, while in the other two we determ- 
ine from accurately observed movements the amount of the 
forces which occasion those movements, and hota these forces 
we arrive at the cause from whence they have originated, viz., 
the compression of our terrestrial spheroid. In this part of 
my delineation of nature, contrary to my usual practice, I 
have instanced methods because their accuracy a^rds a strik- 
ing illustration of the intimate connection existing among 
the forms and forces of natural phenomena, and also because 
their application has given occasion to improvements in the 
exactness of instruments (as those employed in the measure- 
ments of space) in optical and chronological observations ; to 
greater perfection in the fundamental branches of astronomy 
and mechanics in respect to lunar motion and to the resistance 
experienced by the oscillations of the pendulum ; and to the 
discovery of new and hitherto untrodden paths of analysis. 
With the exception of the investigations of the parallax of 
stars, which led to the discovery of aberration and nutation, 
the history of science presents no problem in which the ob- 
ject attained — the knowledge of the compression and of the 
irregular form of our planet — ^is so far exceeded in importance 
by the incidental gain which has accrued, through a long and 
weary course of investigation, in the general furtherance and 
improvement of the mathematical and astronomical sciences. 
The comparison of eleven measurements of degrees (in which 
are included three extra-European, namely, the old Peruvian 
and two East Indian) gives, according to the most strictly 
theoretical requirements allowed for by Bessel,* a compression 

* AccordiDgto Bessel's examinationof ten measurements of degrees, 
m which the error discovered by Puissant in the calculation of the 
French measurements is taken into Consideration (Schumacher, At^on, 
Nathr.y 1841, No. 438, s. 116^, the semi-axis msgor of the elliptical 
spheroid of revolution to whicn the irregular figure of the Earth most 
closely^approximates is 3,272,077*14 toises, or 20,924,774 feet ; the semi- 
axis minor, 3,261,159-83 toises, or 20,854,821 feet; and the amount of 
compression or eccentricity v^^.ys^ * ^he length of a mean degree of 
th^ meridian, 57,013*109 toises) or 364,596 feet, with an error of -|- 
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of ffrth. In accordance with this, the pdar radnu is 1 0,938 
toises (69,944 feet), or about 11^ miles, shorter than the equa- 
torial radius of our terrestrial spheroid. The excesa at the 
equator in consequence of the curvature of the upper surface 
of the globe amounts, consequently, in the direction of gravi- 
tation, to somewhat more than 4f th times the height of 
Mont Blanc, or only 2^ times the probable height of the 
summit of the Bhawalagiri, in the Himalaya chain. The 
lunar inequahties (perturbation in the moon's latitude and 
longitude) give, according to the last investigations of Laplace, 
almost the same result for the eUiptieity as the measurements 
of degrees, viz., ^i^th. The results yielded by the oscillation 
of the pendulum give, on the whole, a much greater amount 
of compression, viz^ ^1^*^ * 

fi'8403 toises, or 18*16 feet, whence the length of a geographical mile 
is 3807*23 toises, or 6086*7 feet. Previous combinations of measure- 
ments of degrees yaried between ^^d and ^i|th ; thus Walbeck {D$ 
Forma et MagnMudine tdluris in demmns arcubu$ Meridiani dejiniendit, 
1819) gives jif^irith : Ed. Schmidt {Lehrbuchder McUhem. und Phyt. Qeo- 
graphief 1829, Sr 5) gives j^frrs^t ^ ^^ mean of seven measures. Re- 
specting the influence of great di£Eerences of longitude on the polar 
compression, see Biblioihiqtte UniverHlle, t. xxxiii., p. 181, and t spuLv., 
p. 56 ; likewise Connaissance des TenUf 1829, p. 290. From the lunar 
mequalities alone, Laplace {Exposition du 8ytt. du Mondd, p. 229) found 
it, bj the older tables of Burg, to be ^V?"^ ^ ^^ subsequently, from 
the lunar observations of Borckhardt ana Bouvard, he fixed it at ^^.y^ 
{Micamque C4lestef t. v., p. 13 and 43). 

* The oscillations of the pendulum give -m-j^ ^ ^^® general result 
of Sabine's great expedition (1822 and 1^9, m>m the equator to 80^ 
north latitude); according to Freycinet, -s^.^, exclusive of the experi- 
ments instituted at fhe Isle of France, Uuam, and Mowi (Mawi); ac- 
oozding to Forster, j^.^th ; according to Duperrey, ^^.yth ; aiul ac- 
cording to Ltttke (Por^te NatUique, 1836, p. 232), ^th, calculated 
from eleven stations. On the other hand, Mathieu (Cownai$t, de$ Temps, 
1816, p. 330) fixed the amount at ^V^d, from observations made be- 
tween Formentera and Dunkirk ; and Biot, at ^^^^th, from observations 
between Formentera and the island of Unst. Compare Baily, Report 
on Pendulum Experiments, in the Memoirs of the Royal Astronomical 
Society f vol. vii., p. 96 ; also Borenins, in the Bulletin de VAead. de 8t, 
Pitertbourg, 1843, t, i., p. 25. The first proposal to apply the length of 
the pendulum as a standard of measure, and to establish the third part 
of the seconds pendulum (then supposed to be every where of equal 
length) as a pes horaruu, or general measare, that might be recovered 
at any age and by all nations, is to be found in Huygens's Horologium 
Oscillatoriumj 1673, Prop. 25. A similar wish was afterward publicly 
expressed, in 1742, on a monument erected at the equator by Bouguer, 
La Gondamine, and Grodin. On the beautifiil marble tablet which ex- 
ists, as yet uninjured, in the old Jesuits' College at Quito, I have myself 
read thie inscription, Penduli simjMcis (sqwnoetidlu wunts minttft seeumii 
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Gaiildo, who Gat observed when a boy (having, piobaUfi 
j»i£ered his thoughts to wandcor fiom the service) that the 
height of the vaulted roof of a church might be measured by 
the time of the vil^ation of the chandeUers suspended at dif- 
ferent altitudeSi could hardly have anticipated that the pendu- 
ium VFOuld one day be carried from pole to pole, in order to 
determine the ferm of the Earth, or, rather, that the unequal 
density of the strata of the Earth afiects the length of the sec- 
onds pendulum by means of intricate forces of local attraction, 
vThich are, however, almost regular in large tracts of land. 
These geognostic relations of an instrument intended for Hit 
tneasuiement of time-— this property of the pendulum, by 
which, like a twunding line, it searches unknown depths, and 
leveais in volcanic islands,* or in the declivity of elevated con- 
tinental mountain chains,! dense masses of basalt and mela- 

areketypus, menturte naturalit exempiar, utinam univeracUis ! From an 
obflerrationniade by La Condamine, in faia Jofwmal du Voyage a VEqud- 
UuXf 1751, p. 163, regarding parts of the inscription that were not filled, 
up, and a slight diSerence between Bougner and himself respecting the 
numbers, I was led to expect that I should find considerable discrepan- 
cies between the marble tablet and the inscriptiDn as it had been de- 
scribed in Paris; bat, after a carefiil comparison, I merely found two 
perfectly unimportant differences : ** ex arcu graduum Si" instead of 
** ex area graduum plosqaam triom," and the date of 1745 instead of 
1742. The latter circumstance is singular, because La Condamine re- 
turned to Europe in November, 1744, Bouguer in June of the same year, 
and Godm had left South America in July, 1744. The most necessary 
and useful amendment to the numbers on this inscription would haY« 
been the aatronomical longitude of ^ito. (Humboldt, Reeueil d*Ob- 
*9ro, Astron,, t. ii., p. 319-354.) Nonet's latitudes, engraved on Egyp- 
tian monuments, <mer a more j^cent example of the danger presented 
by the grave perpetuation of false or careless retalts» 

* Respecting the augmented intensity of the attraction of gravitation 
in volcanic islands (St. Helena, Ualan, Fernando de Noronha, Isle of 
FniQce, Quam, Mowi, and Galapagos), Rawak (Lutke, p. 240) being 
an exception, i>robably in consequence of its proximity to the high 
land of New Guinea, see MaAieu, in Delambre, Hiti. de PA^onomie, au 
I9me SUcUj p. 701. 

t Numerous observations also show great itregolarities in the length 
of the pendulum in the midst of continents, and which are ascribed to 
local attractions. (Delionbve, Mtaure dt la MiridMame, t iii., p. 548 ; 
Biot, in the Mim» de PAeaditnie des SeienceSf t. viii., 1829, p. 18 and 
33. ) In passing over the Soutli of France and Lombaxdy from west to 
east, we nnd the minimum intensity oi gravitation at Bordeaux; from 
thence it increases rapidly as we advance eastward, through Figeac, 
€lermont>Ferrand, Milan, and Paduii ; and in the last town we find that 
the intensity has attained its maximum. The influence of the southern 
declivities of tiie Alps is not merely dependent on the general size of 
tiieir mass, but (much more), in the ofnnicm of Elie de Beaumont (Reek, 
sw tea RiwL de la Surface du OlobCf 1830, p, 729^, on the rocks of 
melaphjrre and serpentine, which have elevated tne chain. On the 
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phyre instead of cavities, render it difficult, notwithstaading 
the admirable simplicity of the method, to arrive at any great 
result regarding the figure of the Earth from observation of 
the oscillations of the pendulum. In the astronomical part of 
the determination of degrees of latitude, mountain chains, ot 
the denser strata of the Earth, likemrise exercise, although in a 
less degree, an unfavorable influence on the measurement. 

As the form of the Earth exerts a powerful influ^ce on the 
motions of other cosmical bodies, and especially on that of its 
own neighboring satellite, a more perfect knowledge of the mo- 
tion of the latter will enable us reciprocally to draw an infer- 
ence regarding the figure of the Earth. Thus, as Laplace ably 
xemsa\a,* ** An astronomer, without leaving his observatoiy, 
may, by a comparison of lunar theory with true observations, 
not only be enabled to determine liie fi>rm and size of the 
Earth, but also its distance from the Sun and Moon — ^results 
that otherwise could only be arrived at by long and arduous 
expeditions to the most remote parts of both hemispheros." 

declivity of Ararat, which with Oaocasos may be said to lie in the cen- 
ter of grayity of the old continent formed by Europe, Ana, and Africa, 
the very exact pendnlum experiments of Fedorow give indications, not 
of subterranean cavities, but of dense volcanic masses. (Parrot, Reite 
sum Araratf bd. ii., s. 143.) In the geodesic operations of Carlini and 
Plana, in Lombardy, differences ranging from 20'' to i7"^S have been 
found between direct observations of latitude and the results of these 
operations. (See the instances of Andrate and Mondovi, and those of 
Milan and Padua, in the Op^rationt Oeodet. et Attnm, pour la Mewre 
d^un Are du Parall^le Moyen, t. ii., p. 347 ; E^emeridi Asiron, di Mi- 
luno, 1842, p. 57.) The latitude of Milan, deduced from that of Berne, 
according to the French triangulation, is 45° 27' 52", while, according 
to direct astronomical observations, it is 45^ 27' 35". As the perturba- 
tions extend in the plain of Lombardy to Parma, which is far south of 
the Po (Plana, Opirat, Geod., t. ii., p. 847), it is probable that there are 
deflecting causes concealed beneaih the soil of the plain iUelf, Struve 
has made similar experiments [ with corresponding results^ in the most 
level parts of eastern Europe. (Schumacher, Astron. Nachriehtenf 1830, 
No. 164, B. 399.) Begardmg the ii^uence of dense masses supposed to 
lie at a small depth, equal to the mean height of the Alps, see the ana- 
lytical expressions given by Hossard and Bozet, in the Comptes Rendut, 
U xviii., 1844, p. 292, and compare tiiiem with Poisson, TraitS de MS- 
vanique (2me ed.), 1. 1., p. 482. The earUest observations on the in- 
fluence which different kinds of rocks exercise on the vibration of the 
pendulum are those of Thomas Young, in the Philos, Tranaaetiont for 
1819, p. 70-96. In drawing conclusions regarding the Earth's curv»> 
ture from the length of the pendulum, we ought not to overlook the 
possibility that its qrust may have undergone a process of hardening 
previously to metallic and dense basaltic masses having penetrated from 
great depths, through open clefte, and approached near the surfiice. 
* Laplace, Expos, du Sytt, du Monde, p. 231. 
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Hie compression which may be inferred &om lunar inequali- 
ties afibras an advantage not yielded by individual measure* 
znents of degrees or experiments ^vith the pendulum, since it 
gives a mean amount which is referable to the whole planet. 
The comparison of the Earth's compi^ssion with the velocity 
of rotation shows, further, the increase of density from the 
strata from the surface toward the center — ^an increase which 
a comparison of the ratios of the axes of Jupiter and Saturn 
with &eir times of rotation likewise shows to exist in these 
two large planets. Thus the knowledge of the external form 
of planetary bodies leads us to draw conclusions regarding their 
internal character. 

The northern and southern hemispl^res appear to present 
nearly the same curvature under equal degrees of latitude, but, 
as has already been observed, pendulum experiments and 
measurements of degrees yield such different results for indi* 
vidual portioDS of the Earth's surface that no regular figure 
can be given which would reconcile aU the results hitherto 
obtained by this method. The tru& figure of the Earth is to 
a regular figure as the uneven surfaces of water in motion are 
to the even surfaee of water at rest. 

When the Earth had been measured, it still had to be 
weighed. The oscillations of the pendulum* and the plum- 
met have here likewise served to determine the mean density 
of the Earth, either in coimection with astronomical and geo- 
detic operations, with the view of finding the deflection of the 
plummet from a vertical line iu the vicinity of a mountain, or 
by a comparison of the length of the pendulum in a plain and 
on the summit of an elevation, or, finally, by the employment 
of a torsion balance, which may be considered as a horizon- 
tally vibrating pendulum for the measurement of the relative 
density of neighboring strata. Of these three methods! the 

* La CaiUe's pendulum meajsurementa at the Cape of Good Hope, 
which have been calculated with much care by Mathieu (Delambre, 
Hiti. ie VAsiron. au ISme SiiclCf p. 479), give a compression of -^.^th; 
but, torn several comparisons of observations made in equal latitiides 
in the two hemispheres (New Holland and the Malouines (Falkland 
Islands), compared with Barcelona, New York, and Dunkirk), there is 
as yet no reason for supposing that the mean compression of the south- 
ein hemisf^re is greater than that of the northern. (Biot, in the Mim. 
de VMad, des Sciences, t viii., 1829, p. 39-41.} 

t The three methods of observation sive the following results: (I.^ by 
the deflection of the plumb-line in the proximity of the SbehalUen 
Mountain (Gaelic, Thichallin) in Perthshire, 4-713, as determined 1^ 
IfoskelTne, Hotton, and Playiair (1774-1776 and 1810), according to » 
method that had been proposed by Newton; (S.) by pendalaift vibrfr* 

Vol. I — H 
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last is the moet certain, raioe it is independent of the difficidt 
determination of the density of the mineral masses of which 
the spherical segment of the mountain consists near which the 
observations are made. According to the most recent experi- 
ments of Reich, the result obtained is 5*44 ; that is to say» the 
mean density of the whole Earth is ^'44 times greater than 
that of pure water. As, according to the natuve of the min- 
eralogical strata constituting the dry continental part ai the 
Earth's surface, the mean density of this portion scarcely 
amounts to 2*7, and the density of the dry and liquid surface 
conjointly to scarcely 1*6, it follows that the elliptical un- 
equally compressed layers of the interior must greatly increase 
m density toward the center, either through pressure or owing 
to the heterogeneous nature of the substanoes. Here again 
we see that l^e vertical, as well as the horizontally vibrating 
pendulum, may justly be termed a geognostical instrument. 

The results obtained by the employment of an instrument 
of this kind have led celebrated physicists, according to the 
difFerence of the hypothesis from which they started, to adopt 

tions on mountaiiiB, 4*837 (Carlini^s obBervations on Moimt Cenis com- 
pared with Blot's observations at Bordeaux, Effemer, Astron. di Milanot 
1824, p. 184) ; (3.^ by the torsion balance used by Cavendish, with an 
apparatus originally devised by Mitchell, 5*48 (according to Button's 
revision of the calcalation, 5*32, and according to that of Ednard 
Schmidt, 5-52; Lehrbuch der Math, Qeographie, bd. i., s. 487); by the 
torsion balance, according to Bei&b, 5*44. In the calculation of these 
experiments of Professor Reich, which have been made with masterly 
accuracy, the original meanjresult was 5-43 (with a probable error of 
only 0*0233), a result which, bein^ increased by the quantity by which 
the Barth'a centriiugal force dinumshes the Corce of gravity for the lati- 
tude of Freiberg (50^ 55'), becomes changed to 5*44. The employ- 
ment of cast iron instead of lead has not presented any sensible differ- 
ence, or none exceeding the limits of errors of bbservation, hence dis- 
closing no traces of magnetic influences. ( R^ch, Verni^ke fiber die mitt* 
lere Dicktigheit der Erde, 1838, s« 60, 62, and 66.) By the assumption 
of too slight a degree of ellipticity of the Earth, and by the tmcertainty 
of the estimations regarding the density of rocks on its surface, the 
mean density of the Earth, as deduced from experiments on and near 
mountains, was found about one axth smaller than it really is, name- 
ly, 4-761 (Laplace, Miean. C^lestcy t. v., p. 46), or 4-785. (Ednard 
Schmidt, Lehrb, der Math. Oeogr., bd. i., ^ 387 und 418.) On Halle/v 
hyi>othesiB of the Barth being a hollow sphere (notioea in page 171), 
which was the germ of Franklin's ideas concerning eartfaqnaces, see 
Philos, Trans, for the year 1693, vol. xvii., p. 363 {On the Structure of 
the Internal Parte of the Earth, and the concave habited Arch of the 
Shell), H&lley regarded it as more worthy of the Creator " that the 
Earth, like a house of several stories, should be inhabited both without 
and wi&in. For light in the hollow sphere (p. 676) provkion might in 
•oma manner be contrived. '^ 
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entirely opposite views regarding the nature of the inteiior of 
the glohe. It has been computed at what depths liquid oi 
even gaseous substances would, from the pressure of their 
own superimposed strata, attain a density exceeding that of 
platinum or even iridium ; and in order that the compression 
which has been determined within such narrow limits might 
be brought into hartnony with the assumption of simple and 
infinitely compressible matter, Leslie has ingeniously conceived 
the nucleus of the world to be a hollow sphere, filled with an 
assumed " imponderable matter, having an enormouft force of 
expansion." These venturesome and arbitrary conjecture* 
have given rise, in wholly unscientific circles, to still more 
fantastic notions. The hollow sphere has by degrees been 
peopled with plants and animals, and two small subterranean 
revolving planets — Pluto and Proserpine — ^were imaginatively 
supposed to shed over it their mild light ; as, however, it was 
further imagined that an ever-uniform temperature reigned in 
these internal regions, the air, which was made self-luminous 
by compression, might well render the planets of this lower 
world unnecessary. Near the north pole, at 82° latitude, 
whence the polar light emanates, was an enormous opening, 
through which a descent might be made into the hollow 
sphere, and Sir Humphrey Davy and myself were even pub- 
licly and frequently invited by Captain Symmes to enter upon 
this subterranean expedition : so powerful is the morbid in- 
clination of men to fill unknown spaces with shapes of won- 
der, totally unmindful of the counter evidence furnished by 
well-attested facts and universally acknowledged natural laws. 
Even the celebrated Halley, at the end of the seventeenth 
century, hollowed out the Earth in his magnetic g^eculations ! 
Men were invited to believe that a subterranean freely-ro- 
tating nucleus occasions by its position the diurnal and an- 
nual changes of magnetic declination. It has thus been at- 
tempted in our own day, with tedious solemnity, to clothe in 
a scientific garb the quaintly-devised fiction of the humorous 
Holberg.* 

* [The work refeired to, one of the wittiest prodtictioM of the learned 
Norwegian Batirist and dramatiat Holberg, was wriUen in Latm, and 
first appeared under the following title : Nicolai Klimii iter subterra^ 
neum novam telluric theoriam ac historiam quinta monetrckus adkuc no- 
bis mcognita exhiben* e bibliotheca b. Abelini. Hafnia et Lipsia tumt. 
Jac. Preuss, 1741. An admirable Danish translation of this beamed 
font severe satire on the institutions, morals, and manners of the inhafo* 
itants of the upper Earth, appeared at Copenhagen in 1789, and wtw 
entitled Kieh KlinCs undtfyorditke reUe ved Ludvdg Hoibergt oversai 
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The figure of the Earth and the ancLount of BoUdifieation 
(density) which it haa acquired are intimately couiiected with 
the forces by which it is animated, ia so far» at least, as they 
have been excited or awakened from without, through its 
planetary position with reference to a luminous central body. 
Compression, when considered as a consequence of centrifugal 
force acting on a rotating mass, explains the earlier condition 
of fluidity of our planet. During the solidification of this 
fluid, which is commonly conjectured to have been gaseous 
and primordially heated to a very high temperature, an «ior- 
moos quantity of latent heat must have been liberated. If 
the process of solidification began, as Fourier conjectures, by 
radiation from the cooling surface exposed to the atmosphere, 
the particles near the center would have continued fluid and 
hot. As, after long emanation of heat from the center toward 
the exterior, a stable condition of the temperature of the 
Earth would at leqgth be established, it has been assiuned 
that with increasing depth the subterranean heat likewise 
uninterruptedly increases. The heat of the water which 
4owB from deep borings (Artesian wells), direct experiments 
regarding the temperature of rocks in mines, but, above all, 
the vokanio activity of the Earth, shown by the flow o^ molt- 
en masses from open fissures, aflbrd unquestionable evidence 
of this increase for very considerable depths from the upper 
strata. According to conclusions based certainly upon mere 
analogies, this increase is probably much greater toward the 
center. 

That which has been learned by an ingenious analytic cal- 
culation, expressly perfected for this class of investigations,* 

eftef den LaHnske original af Jem Baggesen. Holberg, who stadied 
Tos a time at Oxford, was bom at Bergen in 1685, and died in 1754 as 
Beotor rf the University of Copenhagen.]— Tr, 
. * Hero we must notice the admirable analytical labors of Fourier, 
Biot, Laplace, Poisson, Dohamel, and Lam6. In his ^kiwrie Maihima- 
Hque de la Chaleur, 1835, p, 3, 428-430, 436, and 521-524 (see, also, 
De la Rive's abstract in the Bibliotheque UntverseUe de Oenhx\ Pois- 
son has developed an hypothesis totally different from Fourier's view 
( Theorie Analytique de la Chaleur.) He denies the present fluid state 
of the Earth's center ; he believes that " in cooling by radiation to the 
medium surrounding the Earth, the parts which were first solidified 
■unk, and that by a double descending and ascending current, the great 
ineoualit^ was lessened which would have taken place in a solid body 
Qooong from the sur&ce." It seems more probable to this great ge- 
ometer that the solidification began in the parts lying nearest to tue 
center : *^ the phenomenon of the increase of heat with the depth does 
not extendi , to the whole mass of the Earth, and is merely a consequence 
of the motion of our planetary system in space, of which some parts 
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Tegarding the motion of heat in homogeneous metallic fiphe- 
toidfl, must be applied with much caution to the d,ctual char- 
acter of our planet, considering our present imperfect knowl- 
edge of the substances of which the Earth is composed, the 
difference in the capacity of heat and in the conducting power 
of difierent superimposed masses, and the chemical changes 
experienced by solid and liquid masses firom any enormous 
compression. It is with the greatest difficulty that our pow- 
ers of comprehension can conceive the boundary line which di- 
vides the fluid mass of the interior from the hardened mineral 
miisses of the external surface, or the ^adual increase of the 
solid strata, and the condition of semi-fluidity of the earthy 
substances, these being conditions to which known laws of 
hydraulics can only apply under considerable modifications. 
The Sun and Moon, which cause the sea to ebb and flow, 
most probably also afiect these subterranean depths. We 
may suppose that the periodic elevations and depressions of 
the molten mass under the already solidified strata must have 
caused inequalities in the vaulted surface firaim the force of 
pressure. The amount and action of such oscillations must, 
however, be small ; and if the relative position of the attract- 
ing cosmical bodies may here also excite " spring tides,** it ia 
certainly not to these, but to more powerful internal forces, 
that we must ascribe the movements that shake the Earth's 
surface. There are groups of phenomena to whose existence 
it is necessary to draw attention, in order to indicate the 
universality of the influence of the attraction of the Sun and 
Moon on the external and internarconditions of the Earth, 
however little we may be able to determine the quantity of 
this influence. 

According to tolerably accordant experiments in Artesian 
wells, it has been shown that the heat increases on an average 
about 1° foi every 54*5 feet. If this increase can be reduced 

are of a very different tetnperatare from others, in consequence of stel- 
lar heat (chaleur stellaire)." Thus, accordmg to Poisson, the warmth 
of the water of our Artesian wells is merely mat which has penetrated 
into the Barth from without ; and the Earth itself ** might be regarded 
as in the same circumstances as a mass of rock conveyed from the 
equator to the pole in so short a time as not to have entirely cooled. 
The increase of temperature in such a block would not extend to the 
central strata." The physical doubts which have reasonably been 
entertained against this extraordinary cosmical view (which attributes 
to the regions of space that which probably is more dependent on the 
first transition of matter condensing from the gaseo-fluid into the solid 
state) will be found collected in Poggendorf 's AnntUen, bd. zzziii«, s. 
93-100. 
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to aritkinetical relations, it will follow, as I have already ob- 
served,* that a stratum of granite would be in a state of fusion 
at a depth of nearly twenty-one geographical miles, or between 
four and five times the elevation of the highest summit of the 
Himalaya. *;; 

We must distinguish in our globe three difierent modes for 
the transmission of heat. The iirst is periodic, and afieots 
the temperature of the terrestrial strata according as the heat 
penetrates from above downward or from below upward, being 
influenced by the difierent positicms of the Sun and the sea- 
sons of the year. The second is likewise an effect of the Sun, 
although extremely slow : a portion of the heat that has pene- 
trated into the equatorial regions moves in the interior of the 
globe toward the poles, where it escapes into the atmosphere 
and the remoter regions of space. The third mode of trans- 
mission is the slowest of all, and is derived from the secular 
cooUng of the globe, and from the small portion of the primi- 
tive heat which is still being disengaged from the surface. 

* See the Introduction. This increase of temperatare has been found 
in the Poits de Grenelle, at Paris, at 58*3 feet; m the boring at the new 
Bal^ works at Minden, almost 53*6 ; at Pregny, near Geneva, according 
to Auguste de la Rive and Marcet, notwithstanding that the month of 
the boring is 1609 feet above the level of the sea, it is also 53'6 feet. 
This coincidence between the results of a method first proposed by 
Arago in the year 1821 (Annuaire du Bureau des Longitudes, 1835, p. 
234), for three different mines, pf the absolute depths of 1794, 2231, 
and 725 feet respectively, is remarkable. The two points on the Earth, 
lying at a small vertical distance fix>m each other, whose annual mean 
temperatures are most accurately known, are probably at the spot on 
which the Paris .Observatory stands, and the Caves de PObservatoire 
beneath it : the mean temperature of the former is 51^*5, and of the 
latter 530-3, the difference being lo-8 for 92 feet, or 1^ for 51-77 feet. 
(Poissou, Thiorie Math, de la Chaleur, p. 415 and 462.) In the course 
of the last seventeen years, from causes not yet perfectly understood, 
but probably not connected with the actual temperature of the caves^ 
the thermometer standing there has risen very nearly (PA. Although 
in Artesian wells there are sometimes slight errors from the lateral 
permeation of water, these errors are less mjurious to tlie accuracy of 
conclusions than those resulting from currents of cold air, which are 
almost always present in mines. The general result of Reich's great 
work on the temperature of the mines m the Saxony mining districts 
gives a somewhat slower increase of the terrestrial heat, or 1^ to 76*3 
feet. (Reich, Beob. Hber die Temperatur des Geeteins in verschieden en 
Ti^en, 1834, s. 134.) Phillips, however, found (Pogg., Annalen, bd. 
xxxiv., s. 191), in a shaft of the coal-mine of Monk-wearmouth, near 
Newcastle, in which, as I have already remarked, excavations are going 
on at a depth of about 1500 feet below the level of the sea, an increase 
of 1^ to 59*06 feet, a result almost identical with that found by Arago 
in the FuitB de Grenell. 
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This loss experienced by the central heat must have been yezy 
considerable in the earliest epochs of the Earth's revolutions, 
but within historical periods it has hardly been appreciable 
by our instruments. The surface of the Earth is therefore 
situated between the glowing heat of the inferior strata and 
^he universal regions of space, whose temperature is probably 
below the freezing-point of mercury. 

The periodic changes of temperature which have been 
occasioned on the Eartib's surface by the Sun's position and 
by meteorological processes, are continued in its interior, 
although to a very inconsiderable depth. The slow conduct- 
ing power of the ground diminishes this loss of heat in the 
winter, and is very favorable to deep-rooted trees. Points 
that lie at very different depths on the same vertical line 
attain the maximum and minimum of the imparted tempera- 
ture at very different periods of time. The iurther they are 
removed from the surface, the smaller is this difference be- 
tween the extremes. In the latitudes of our temperate zone 
(between 48^ and 52^), the stratum of invariable temperature 
is at a depth of from 59 to 64 feet, and at half that depth 
the oscillations of the thermometer, from the influence of the 
seasons, scarcely amount to half a degree. In tropical cli- 
mates this invariable stratum is only one foot below the 
surface, and this fact has been ingeniously made use of by 
Boussingault to obtain a convenient, and, as he believes, cer- 
tain determination of the mean temperature of the air of 
diflferent places.* This mean temperature of the air at a 
fixed point, or at a group of contiguous points on the surface, 
is to a certain degree the fundamental element of the climate 
and agricultural relations of a district ; but the mean tem- 
perature of the whole surface is very different from that of 
the globe itself. The questions so <rf*ten agitated, whether the 
mean temperature has experienced any considerable differences 
in the course of centuries, whether the climate of a country 
has deteriorated, and whether the winters have not become 
milder and the summers cooler, can only be answered by 
means of the thermometer ; this instrument has, however, 
scarcely been invented more than two centuries and a half, 
and its scientific application hardly dates back 120 years. 
The nature and novelty of the means interpose, therefore, very 
narrow limits to our investigation regarding the temperature 

* Boiunng&tilt, Sur la Profondeur & laqueUe te trmtve la Couehe da 
Temperature invariable entre Us Trapiques, in the Armakt de Chimk 
et de Physique, t. liii., 1833, p. 225-Q47. 
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of tha air. It is quite otherwise, however, with the sokitioti 
of the great problem of the internal heat of the whole Earth. 
As we may judge of uniformity of temperature from tho unal- 
tared time of vibration of a pendulvun, so we may also learn, 
from the unaltered rotatory velocity of the Earth, the amount 
of stability in the mean temperature of our globe. This 
insight into the relations between the length of the day and 
the heat of the Earth is the result of one of th& most brilliant 
applications of the knowledge we had long possessed of the 
movement of the heavens to the thermid condition of our 
planet. The rotatory velocity of the Earth depends on its 
volume ; and since, by the gradual cooling of the mass by 
radiation, the axis of rotation would become shorter, the rotar 
tory velocity would necessarily increase, and the length of the 
day diminish, with a decrease of the temperature. From the 
comparison of the secular inequalities in the motions of the 
Moon with the eclipses observed in ancient times, it follows 
that, since the time of Hipparchus, that is, for full 2000 
years, the length of the day has certainly not diminished by 
the hundredth part of a second. The decrease of the mean 
heat of the globe during a period of 2000 years has not, there- 
fore, taking the extremest limits, diminished as much as , J^th 
of a degree of Fahrenheit.* 

This invariability of form presupposes also a great invaria- 
bility in the distribution of relations of density in the interior 
of the globe. The translatory movements, which occasion 
the eruptions of our. present volcanoes and of ferruginous lava, 
and the filling up of previously empty fissures and cavities 
with dense masses of stone, are consequently only to be re- 
garded as slight superficial phenomena afiecting merely one 
portion of the Earth's crust, which, from their smallness 
when compared to the Earth's radius, become wholly insig- 
nificant. 

I have described the internal heat of our planet, both with 
xeferenjce to its cause and distribution, almost solely from the 
results of Fourier's admirable investigations. Poisson doubts 
the fact of the uninterrupted increase of the Earth's heat 

* Laplace, Exp. du Syst* du Monde, p. 229 and 263 ; Micatdque 
CiUtte, t. y., p. 18 and 72. It should be remarked that the fraction 
^n^ of a degree of Fahrenheit of the mercurial thermometer, given in 
the text as the limit of the stability of the Earth's temperature since 
the days of Hipjparchus, rests on the assumption that the dilatation of 
the substances of which the Earth is composed is equal to that of glass, 
that is to say, y^.tyirth for 1°. Regarding this hypothesis, see Arago 
m the Annuaire for 1834, p. 177-190. 
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firom the surface to the center, and is of opinion that all heat 
has penetrated from without inward> and that the tempera- 
ture of the globe depends upon the very high or very low 
temperature of the regions of space through which the solar 
system has moved. This hypothesis, imagined by one of the 
most acute mathematicians of our tiriQe, has not satisfied phys- 
icists or geologists, or scarcely, indeed, any one besides its au- 
thor. But, whatever may be the cause of the internal heat 
of our planet, and of its limited or unlimited increase in deep 
strata, it leads us, in this general sketch of nature, through 
the intimate connection of all primitive phenomena of matter, 
and through the common bond by which molecular forces are 
united, into the mysterious domain of magnetism. Changes 
of temperature call forth magnetic and electric eurrents. Ter- 
restrial magnetism, whose main character, expressed in the 
three-fold manifestation of its forces, is incessant periodic va* 
riability, is ascribed either to the heated mass of the Earth 
itself,* or to those galvanic currents which we con4der as 
electricity in motion, that is, electricity moving in a closed 
circuit, t 

The mysterious course of the magnetic needle is equally 
affected by time g^d space, by the sun's course, and by changes 
of place on the Earth's surface. Between the tropics, the 
hour of the day may be known by the direction of the needle 
as welt as by the oscillations of the barometer. It is afiected 
instantly, but only transiently, by the distant northern light 
as it shoots from the pole, flashing in beams of colored light 
across the heavens. When the unifi^rm horary motion of the 
needle is disturbed by a magnetic storm, the perturbation 
manifests itself simultanecncsly, in the strictest sense of the 
word, over hundreds and thousands of miles of sea and land, 
or propagates itself by degrees, in short intervals of time, in 

* William Gilbert, of Colchester, whom Galileo pronouaced " great 
to a degree that mi^ht be envied,^' said *' magnas magnes ipse est globus 
terrestris.** He ridicales the magnetic moontains of Frascatori, the great 
cotemporaiy of Golambas, as bein^ magnetic poles : " rejicienda est 
vulgaris opinio de montibns magneticis, aut rape aHqaa magnetica, aut 
polo phantastico a polo mundi distante." He assumes the declination 
of the magnetic needle at any given point on the surface of the Earth 
to be invariable (variatio uniuscujusque loci constans est), and refera 
the curvatored of the isogenic lines to the configuration of continents 
and the relative positions of sea basins, whi<^h possess a weaker mag- 
netic force than the solid masses rising above me ocean. (Gilbert, de 
Magnete, ed. 1633, p. 42, 98, 152, and 155.) 

i Gauss, AUgememe Theorie des ErdTnagnetismiu, in the RuuiUattaoB 
dm Btob.des Matmet, Vereim, 1838, s. 41, p. 56. 

H2 
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every direction over the Earth's surface.* In the former case, 
the simultaneous manifestation of the storm may serve, with- 
in certain limitations, Hke Jupiter's satellites, fire-signals, and 
well-observed falls of shooting stars, for the geographical 
determination of degrees of longitude. We here recognize 
with astonifihment that the perturbations of two small mag- 
netic needles, even if suspended at great depths below the 
surface, can measure the distances apart at which they are 
placed, teaching us, for instance, how far Kasan is situated 
east of Gottingen or of the banks of the Seine. There are 
also districts in the earth where the mariner, who has been 
enveloped for many days in mist, without seeing either the 
sun or stars, and deprived of all means of determining the 
time, may know with certainty, from the variations in the 
inclination of the magnetic needle, whether he is at the north 
or^the south of the port he is desirous of entering.t 

* There are also pertarbations which are of a local character, and 
do not extend themselves far, and are probably less deep-seated. Some 
years ago I described a rare instance of this kind, in which an extraor-' 
dinary disturbance was felt in the mines at Freiberg, but was not per- 
ceptible at Berlin. {Lettre de M. de Humboldt a Son Altesse Royade U 
Due de Sussex sur tes moyens propres a perfectionner la Cotmaissance 
du Magnitisme Terrestre, in Becquerel's Traiti EapSrimental de VEl^o- 
triciUj X. vii., p. 442.) Magnetic storms, which were simultaneously 
felt from Sicily to Upsala, did not extend from Upsala to Alton. (Gauss 
and Weber, Resultate des Magnet. Vereins, 1839, $ 128; Lloyd, in tho 
Complex Rendus de VAcad. des Sciences^ t. xiii., 1843, S6m. li., p. 725 
and 827.) Among the numerous examples that have been recently 
observed, of perturbations occurring simultaneously and extending over 
wide portions of the Earth's surface, and which are collected in Sabine's 
important work {Observ. on Days of unvsual Magnetic Disturbance, 
1843), one of the most remarkable is that of the 25th of September, 
1841, which was observed at Toronto in Canada, at the Cape of Good 
Hope, at Prague, and partially in Van Diemen's Land. The English 
Sunday, on which it is deemed sinful, after midnight on Saturday, to 
register an observation, and to follow out the great phenomena of crea- 
tion in their perfect development, interrupted the observatioas in Van 
Diemen's Land, where, in consequence ot the difference of the longi* 
tade, the magnetic storm fell on the Sunday. {Observ. ^ p. xiv., 78, 85, 
and 87.) 

t I have described, in Lam^therie's Journal de PkysiquCf 1804, t. 
lix., p. 449, the application (alluded to in the text) of the ma^etic in- 
clination to the determination of latitude along a coast runmng north 
and south, and which, like that of Chili and Peru, is for a part of the 
year enveloped in mist (garua). In the locality I have just mentioned, 
this application is of the ^eater importance, because, in consequence 
of the strong current runmng northward as far as to Cape Parefia, navi- 
gators incur a great loss of time if they approach the coast to the north 
of the haven they are seeking. In the South Sea, from Gallao de Lima 
harbor to Traxillo, which differ from each other in latitude by 3^ 57', 
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When the needle, by its sudden disturbance in its horaay 
course, indicates the pnesence of a magnetic storm, we are 
still unfortunately ignorant whether the seat of the disturbing 
cause is to be sought in the Earth itself or in the upper re- 
gions of the atmosphere. If we regard the Earth as a true 
magnet, we are obliged, according to the views entertained 
by Friedrich Gauss (the acute propounder of a general theory 
of terrestrial magnetism), to ascribe to every portion of the 
globe measuring one eighth of a cubic meter (or d-i^^ths of a 
French cubic foot) in volume, an average amount of magnet- 
ism equal to that contained in a magnetic rod of 1 lb. weight.* 
If iron and nickel, and probably, also, cobalt (but not chrome, 
as has long been believed),t are the only substances which 
become permanently magnetic, and retain polarity from & 
certain coercive force, the phenomena of Arago's magnetism 
of rotation and of Faraday's induced currents show, on ^the 
other hand, that all telluric substances may possibly be made 
transitorily magnetic. According to the experiments of the 

I have observed a variation of the magnetic inclination amoonting to 
9^ (centesimal division) i and from Callao to Gui^aqnil, which differ in 
latitude by 9° SO', a variation of 23^5. (See my Relat. Hist,, t. iii., 
p. 622.) At Guarmey (10° A' sonth lat.), Huaara (11© 3' south lat.), 
and Chancay (IP 32' south lat.), the inclinations are e^-SO, 9<^, and 
10^*35 of the centesimal division. The determination of position by 
moans of the magnetic inclination has this remarkable feature connected 
with it, that where the ship's course cuts the isoclinal line almost |»ei> 
pendicularly, it is the only one that is independent of all determination 
of time, and, consequently, of observations of the sun or stars. It is 
only lately that I discovered, for the first time, that as early as at the 
close of the sixteenth century, and consequently hardly twenty years 
after Robert Norman had invented the inclinatorium, William Gilbert, 
in his sreat work De Magnete, proposed to determine the latitude by 
the inclination of the magnetic needle. Gilbert {Physiologia Nova de 
MdgneUt lib. v., cap. 8, p. 200) commends the method as applicable 
''a^re cali^noso." Edward Wright, in the introduction which he 
added to his master's great work, describes this proposal as " worth 
much gold.'' As he fell into the same error with Gilbert, of presum- 
ing that the isoclinal lines coincided with the geographical parallel 
circles, and that the magnetic ancT geographical equators were identic- 
al, he did not perceive that the proposed method had only a local and 
very limited application. 

* Gauss and Weber, RetuUate de$ Magnet, Vereins, 1838, $ 31, s. 146. 

t According to Faraday (London and Edinburgh Philoaophical Maga- 
zine, 1836, vol. viii., p. 178), pure cobalt is toUuly devoid of ma^etic 
power. I know, however, that other celebrated chemists (Hemrich 
Rose and W5hler^ do not admit this as absolutely certain. If out of 
two carefuUy-punfied masses of cobalt totally free from nickel, one a^ 
pears altogether non-magnetic (in a state of equilibrium), I think it 
probable that the other owes its magnetic property to a want of purity } 
and this opinion coincides with Faraday's view. 
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fint^iheationed of these great physksists, water, ice, glass, aad 
carboa afiect the vibrations of the needle entirely in the same 
manner as mercury in the rotation experiments.* Almost all 
substances show themselves to be, in a certain degree, mag- 
netic when they are conductors, that is to say, when a current 
of electricity is passing through them. 

Although the knowledge of the attracting power of native 
iron magnets or loadstones appears to be of very ancient date 
amcHig the nations of the West, there is strong historical evi- 
dence in proof of the striking fact that the knowledge of the 
directive power of a magnetic needle and of its relation to 
terrestrial magnetism was peculiar to the Chinese, a people 
living in the extremest eastern portions of Asia. More than 
a thousand years before our era, in the obscure age of Codrus, 
and about the time of the return of the HeraclidsB to the Pel- 
oponnesus, the Chinese had already magnetic carriages, on 
which the movable arm of the figure of a man continually 
pointed to the south, as a guide by which to find the way 
across the boundless grass plains of Tartary ; nay, even in the 
third century of our era, therefore at least 700 years before 
the use of the mariner's compass in European seas, Chinese 
vessels navigated the Indian Oceanf under the direction of 
magnetic needles pointing to the south. I have shown, in 
another work, what advantages this means of topographical di- 
rection, and the early knowledge and application of the mag- 
netic needle gave the Chinese geographers over the Greeks 
and Romans, to whom, for instance, even the true direction 
of the Apennines and Pyrenees always remained unknown.^ 

The magnetic power of our globe is manifested on the ter- 
restrial surface in three classes of phenomena, one of which 
exhibits itself in the varying intensity of the force, and the 
two others in the varying direction of the inclination, and in 

* Arago, in tbe Annedes de Chimiey t. xxxii., p. 214 ; Brewster, Treat' 
i$e on Magnetism, 1837, p. Ill; BaiyBgartner, in the Zeitschrift f&r 
Fhys. vnd Mathem.f bd. ii., s. 4.19. 

t Hamboldt, Examen Critique de VJIut. de la Ofographief t. iii., p. 36. 

t Asie CerUrale, t. i., Introduction, p. xxxviii.-xlii. The Western 
nationf, ike Greeks and the Ronaans, knew that ma^etism conld be 
communicated to iron, and that tkat metal would retain it for a length of 
time, {" Sola hsec materia ferri vires, a naagnete lapide accipit, retinet" 
que longotemfHMre" Plin., xxxiv., 14.) The great discovery of the ter- 
restrial directive force depended, therefore, alone on this, that no one 
in the West had happened to observe an elongated fragment of mdgnetp 
1c iron stone, or a magnetic iron rod, floating, by the aid of a piece of 
wood, in water, or suspended in the air by a thread, in such a position 
as to admit of free motion. 



Digitized by VjOOQ IC 



TERBESTRIAL MAGNETISM. I6l 

the hoiizonf al' deviation fiom the terrestrial meridian of the 
spot. "[Hieir cconbined action may therefore he graphically 
Represented by three systems of lines, the isodynamic, isodinicj 
and isogomc (or those of equal force, equal inclination, and 
equal declination). The distances apart, and the relative po- 
siticmg of these moving, oscillating, and advancing curves, do 
not always remain the same. The total deviation (variation 
or declinati(m of the magnetic needle) has not at all changed, 
or, at any rate, not in any appreciable degree, during a whole 
century, at any particular point on the Earth's surface,* as, 
for instance, the western part of the Antilles, or Spitzbergen. 
In like manner, we observe that the isogonic curves, "vi^en they 
pass in their secular motion fix)m the surface of the sea to a 
eontinent or an island of considerable extent, continue for a long 
time in the same position, and become inflected as they advance. 
These gradual changes in the forms assumed by the lines 
in their translatory motions, and which so unequaDy modify 
the amount of eastern and western declination, in the course 
of time render it difficult to trace the transitunifl and analogies 
of forms in the graphic representations belonging to difierent 
centuries. Each br&trch of a curve has its history, but this 
history does not reach further back among the nations of the 
West than the iiMmorable epoch of the 13th of September, 
1492, when the re-discoverer of the New World found a line 
of no variation 3^ west of the meridian of the island of Flores, 
one of the Azores.! The whole of Europe, excepting a small 

* A very dow geoolar proereatioii, or a local invariidjiUty of the mag- 
aeitie dechnatioii, prevents toe confusion which might turise from teireg- 
trial inflaences in the bomidaries of land, when, with an utter disregard 
for the correction of decHnaticm, estates are, after long intervals, inea»> 
tired by the mere application of the compass. ** The vffaole mass of 
West Indian property," says Sir John Herschel, " has been saved from 
the bottomless pit of'^endless litigation by the invariability of the mag^ 
netic declination in Junaica and the sorronnding Archipelago daring 
the whole of the last centary, aU surveys of property there having 
been conducted solely by the compass." See Robertson, in the PMlo- 
sophieal TrantaeUons for 1806, Part ii., pv 348, On the Permanency of 
the CompMB in Jmnaiea Hnee 1660. In the mother country (England) 
the magnetic declination has varied by liillv 14^ during tfaiat ]9eriod. 

t I have elsewhere shown that, from the documents which have 
come down to us regarding the voyages of Columbus, we can, with 
much certainty, fix upon three places in the Atlantic line of no deeHna- 
tion for the 13th of September, 1492, the 21st of May, 1496> and the 
16th of August, 1498. The Atlantic Ime of no declination at that pe- 
riod ran from northeast to southwest. It then touched the South 
American continent a little east of Cape Codera, while it is now ob- 
served to reach thi^ continent on the northern coast of the Brazils^ 
(Humboldt, Examen Critique de fHisi. de la Oiogr., t iii», p. 44-48.) 
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part of Russia, has now a western declination, while at tho 
close of the seventeenth century the needle first pointed due 
north, in London in 1657, and in Paris in 1669, there being 
thus a difierence of twelve years, notwithstanding the small 
distance between these two places. In Eastern Russia, to 
the east of the mouth of the Volga, of Saratow, Nischni-Now- 
gorod, and Archangel, the easterly declination of Asia is ad- 
vancing toward us. Two admirable observers, Hansteen and 
Adolphus Erman, have made us acquainted with the remark- 
able double curvature of the lines of declination in the vast 
region of Northern Asia; these being concave toward the 
pole between Obdorsk, on the Oby, and Turuchansk, and con- 
vex between the Lake of Baikal and the Gulf of Ochotsk. In 
this portion of the earth, in northern Asia, between the mount- 
ains of Werchojansk, Jakutsk, and the northern Korea, the 
isogenic lines form a remarkable closed system. This oval 
configuration* recurs regularly, and over a great extent.of the 
South Sea, almost as far as the meridian of Pitcairn and the 
group of the Marquesas Islands, between 20^^ north and 45° 

From GUberl's Physiologia Nova de Magnete, we-aee plainly (and the 
fact is very remarkable) that in 1600 the de^ination was still null in 
the region of the Azores, just as it had been in the time of Columbus 
(lib. 4, cap. 1). I believe that in my Examen Critique (t. iii., p. 54) 
I have proved from docaments tiiat the celebrated line of demarkation 
by which Pope Alexander VI. divided the Western hemisphere between 
Portugal and Spun was not drawn through the most western point of 
the Azores, because Columbus wished to convert a physical into a po- 
litical division. Jle attached great importance to the zone (rayaj "in 
which the compass shows no variation, where air and ocean, the latter 
covered with pastures of sea-weed, exhibit a peculiar constitation, 
where cooUng winds begin to blow, and where [as erroneous observa- 
tions of the polar star led him to imagine] the form (sphericity) of the 
Earth is no longer the same.'' 

** To determine whether the two oval systems of isogenic lines, so 
singularly included each within itself, will continoe to advance for cen- 
turies in the same inclosed form, or will unfold and expand themselves, 
is a question of the highest interest in the problem of the physical 
causes of terrestrial magnetism. In the Eastern Asiatic nodes the dec- 
lination increases from without inward, while in the node or oval sys- 
tem of the South Sea the opposite holds good; in fact, at the present 
time, in the whole South Sea to the east of the meridian of Kamt- 
schatka, there is no line where the declination is null, or, indeed, in 
which it is less than 2^ (Erman, in Pogg., Annal., bd. xxxi., $ 129). 
Yet Cornelius Schouten, on Easter Sonday, 1616, appears to have found 
the declination nuU somewhere to the southeast of Nukahiva, in 15^ 
south lat. and 1 32° west long., and consequently in the middle of the 
present closed isogonal system. (Hansteen, Magnet, der Erde^ 1819, $ 
28.) It must not be forgotten, in the midst of all these considerations^ 
that we can only follow the direction of the magnetic lines in their 
progress as they are projected upon the surface of the Earth. 
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south lat. One would almost be inclined to regard this sin- 
gular configuration of closed, almost concentric, lines of decli- 
nation as the effect of a local character of that portion of the 
globe ; but if, in the course of centuries, these apparently iso- 
lated systems should also advance, we must suppose, as in the 
case of all great natural forces, that the phenomenon arises 
from some general cause. 

The horary variations of the declination, which, although 
dependent upon true time, are apparently governed by the 
Sun, as long as it remains above the horizon, diminish in an- 
gular value with the magnetic latitude of place. Near the 
equator, for instance, in the island of Rawak, they scarcely 
amount to three or four minutes, while they are from thirteen 
to fourteen minutes in the middle of Europe. As in the whole 
northern hemisphere the north point of the needle moves from 
east to west on an average from 8^ in the morning until 1^ at 
mid-day, while in the southern hemisphere the same north 
point moves from west to east,* attention has recently been 
drawn, with much justice, to the fact that there must be a 
region of the Earth between the terrestrial and the magnetic 
equator where no horary deviations in the declination are to be 
observed. This fourth curve, which might be called the curve 
of no motion, or, rather, the line of no variation of horary 
declination, has not yet been discovered. 

The term magnetic poles has been applied to those points 
of the Earth's surface where the horizontal power disappears^ 
and more importance has been attached to these points than 
properly appertains to them ;t and in like manner, the curve, 
where the inclination of the needle is null, has been termed 
the magnetic eqtuUor, The position of this line and its secular 
change of configuration have been made an object of careful 
investigation in modem times. According to the admirable 
work of Duperrey, J who crossed the magnetic equator six times 
between 1822 and 1825, the nodes of the two equators, that 
is to say, the two points at which the line without inclination 
intersects the terrestrial equator, and consequently passes from 
one hemisphere into the other, are so unequally placed, that 
in 1825 the iiode near the island of St. Thomas, on the west- 

* Arago, in the Annvirirej 1836, p. 284, and 1840, p. 330-338. 

t Gauss, Allg. Tkeorie des Erdmagnet., $ 31. 

t Daperrey, De la Configuration de l^Equateur Magnittque, in the 
Annales de Chimie, t. xlv., p. 371 and 379. (See, also, Morlet, m the 
Mitnoiret prUentii par divers Savan$ ^ VAcad, Roy, de9 Seiencetf t, m»f 
p. 132.) 
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em coast of Africa, was 188^° distant from the node in the 
fk)uth Sea, close to the little islands of Gilbert, nearly in the 
meridian of the Viti group. In the beginning of the present 
century, at an elevation of 11,936 feet above the level of the 
sea, I made an astronomical determination of the point (7° 1' 
south lat., 48° 40' west long, from Paris), where, in the in- 
terior of the New Continent, the chain of the Andes is inter- 
sected by the magnetic equator between Quito and Lima. To 
the west of this point, the magnetic equator continues to trav- 
erse the South Sea in the southern hemisphere, at the same 
time slowly drawing near the terrestrial equator. It first pass- 
es into the northern hemisphere a little before it approaches 
the Indian Archipelago, just touches the southern points of 
Asia, and enters the African continent to the west of Socotora, 
almost in the Straits X Bab-el-Mandeb, where it is most dis- 
tant from the terrestrial equator. Afler intersecting the un- 
known regions of the interior of Africa in a southwest direc- 
tion, the magnetic equator re-enters the south tropical zone in 
the Gulf of Guinea, and retreats so far firom the terrestrial 
equator that it touches the Brazilian coast near Os Ilheos, 
north of Porto Seguro, in 15^ south lat. From thence to th& 
elevated plateaux of the Cordilleras, between the silver mines 
of Micuipampa and Caxamarea, the ancient seat of the Incas, 
where I observed the inclination, the line traverses ike whole 
of South America, which in these latitudes is as much a mag- 
netic terra incognita as the interior of Africa. 

The recent observations of Sabine* have shown that the 
node near the island of St. Thomas has moved 4° &om east to 
west between 1825 and 1837. It would be extremely im- 
portant to know whether the opposite pole, near the Gilbert 
Islands, in the South Sea, has approached the meridian of the 
Carolinas in a westerly direction. These general remarks will 
be sufficient to connect the different systems of isoclinic non-> 
parallel lines with the great phenomenwi of equilibrium which 
is manifested in the magnetic equator. It is no small advant- 
age, in the exposition of the laws of terrestrial magnetism, that 
the magnetic equator (whose oscillatory change of form and 
whose nodal motion exercise an influence on the incUnatioii 
of the needle in the remotest districts of the world, in conse- 
quence of the altered magnetic latitude8)t should traverse the 

* See the remaikable chart of isoclinic lines in the Atlantic Ocean 
i&r the yeats 1825 and 1837, in Sabine's Coniributioru to TetreMtriai 
Magnetism, 1840, p. 134. 

i Hamboldt, Ueher die seeuldre Veranderung der Magnetitcheit Iff 
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ocean thxoughotit its wiiole coniBe, exeeptmg abottt one fif^, 
and consequently be made so much more accessible, o^dng to 
the remarkable relations in space between the sea a^nd land, 
and to the means of which we are now possessed for determin- 
ing with much exactness both the declination and the inchna- 
tion at sea. 

We have described the distribution of magnetism on the 
surface of our planet according to the two forms of declination 
and inclination ; it now, therefore, remains for -us to speak of 
the intensity of the force which is graphically expressed by 
isodynamic curves (or lines of equal intensity). The investi- 
gation and measurement of this force by the oscillations of a 
vertical or horizontal needle have only excited a general and 
lively interest in its telluric relations doice the beginning of 
the nineteenth century. The application of delicate optical 
and chronometrical instruments nas rendered the measure- 
ment of this horizontal power susceptible of a degree of accu- 
racy far surpassing that attained in any other magnetic de- 
terminations. The isogonic lines are the more important in 
their immediate application to navigation, while we find from 
the most recent views that isodynamic Hues, especially those 
which indicate the horizontal force, are the most valuable ele- 
ments in the theory of terrestrial magnetism.* One of the 
earliest facts yielded by observation is, that the intensity of 
the total force increases from the equator toward the pole.t 

clination (On the secular Change in the Magaetio Inolkiation), in Fogg., 
Armal., bd. xv., b. 322. 

* Gauss, ResuUate der Beob, de$ Mag», Ver&nty 1838, $ 21 ; Sabine, 
Report on the VaHatiom of the Magnetic Intenniyy p. 63. 

f The following is the obtory of the disoovery of the law that the 
intensity of the force increases (in general) with the magnetic latitude. 
When I was anxious to attach myself, in 1798, to llie expedition of 
Captain Baudin, who intended to circumnavi^te the globe, I was re- 
quested by Borda, who took a warm interest m the success of my proj- 
ect, to examine the osciUationsof a vertical needle in the magnetic m&< 
ridian in different latitudes in each hemisphere, in order to determine 
whether the intensity of the force was the same, or whether it yaried in 
different places. During my travels in the tropical regions of America, 
I paid much attention to this subject. I observed that the same needle, 
which in the space of ten nunutes made 245 oscillations in Paris, 246 in 
the Havana, and 242 in Mexico, performed only 216 oscillations durine 
the same period at St. Carlos del Bio Negro (1^ 53' north lat. and 8(F 
40' west long, from Paris), on the magnetic equator, u «., the line in 
which the inclination ««:0 ; in Peru (7^ 1' south lat. and 80^ 40' west 
long, from Paris) onl^ 211 ; while at Lima (12^ 2' south lat.) the nnin* 
ber rose to 219. I found, in the years intervening between 1799 and 
1803, that the whole force, if we assume it at 1*0000 on the magnetic 
equator in the Peruvian Andes, between Micuipampa and Caxamarca, 
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The knowledge ^bich we possess of the quantity of this in- 
crease, and of all the numerical relations of the law of in- 

may be expressed at Paris by 1*3482, in Mexico by 1-3155, in San Carlos 
del Rio Negro by 1*0480, and in Lima by 1*0773. When I developed 
this law of the variable intensity of terrestrial magnetic force, and sap- 
ported it by the unmerical value of observations instituted in 104 dif- 
ferent places, in a Memoir read before the Paris Institute on the 26th 
Frimaire, An. XIII. (of which the mathematical portion was contributed 
by M. Biot), the facts were regarded as altogether new. It was only 
after the reading of the paper, as Biot expressly states (Lam6therie, 
Jotimal de Phynquci t lix., p. 446, note 2), and as I have repeated in 
the Relation Historiqve, t. i., p. 262, note 1, that M. de Rossel commu- 
nicated to Biot his oscillation experiments made six years earlier (be- 
tween 1791 and 1794) in Van Diemen's Land, in Java, and in Amboyna. 
These experiments gave evidence of the same law of decreasing force 
in the Indian Archipelago. It must, I think, be supposed, that this ex- 
cellent man, when ne wrote his work, was not aware of the regularity 
of the augmentation and diminution of the intensity, as before the read- 
ing of my paper he never mentioned this (certainly not unimportant) 
physical law to any of our mutual friends, La Place, Delambre, Prony, 
or Biot. It was not till 1808, four years after my return from America, 
that the observations made by M. de Rossel were published in the Foy- 
age de V EntreeasteauXf t. ii., p. 287, 291, 321, 480, and 644. Up to the 
present day it is still usual, in all the tables of magnetic intensity which 
have been published in Germany (Hansteen, Magnet, der Erdet 1819, 
8. 71 ; Gauss, Beob, des Magnet. Vereim, 1838, s. 36-39 ; Erman, Phy- 
tikal. Beob.y 1841, s. 529-579), in England (Sabine, Report on Magnet. 
Intensity J 1838, p. 43-^2 ; Contributions to Terrestrial Magnetism^ 1843), 
and in France (Becqnerel, Traiti de Electr. et de Magnit.,, t. vii., p. 
354-367), to reduce the oscillations observed in any part of the Eardi 
to the standard of force which I found on the magnetic equator in 
Northern Peru, so that, according to the unit thus arbitrarily assumed, 
the intensity of the magnetic force at Paris is put down as 1*348. The 
observations made by Lamanon in the unfortunate expedition of La 
Perouse, during the stay at Teneriffe (1785), and on the voyage to 
Macao ( 1787 ), are still older than those of Admiral Rossel. They were 
sent to the Academy of Sciences, and it is known that they were in the 
possession of Condorcet in the July of 1787 (Becquerel, t. vii., p. 320) ; 
put, notwithstanding the most careful search, they ore not now to be 
found. From a copy of a very important letter of Lamanon, now- in the 
possession of Captain Duperrey, which was addressed to the then per- 
petual secretary of the Academy of Sciences, but was omitted in the 
narrative of the Voyage de La PerousCt it is stated '< that the attractive 
force of the magnet is less in the tropics than when we approach the 
poles, and that the magnetic intensity deduced from the number of os- 
cillations of the needle of the inclinatioa-compass varies and increases 
with the latitude.'* If the Academicians, while they continued to ex- 
pect the return of the unfortunate La Perouse, had felt themselves justi- 
fied, in the course of 1787, in publishing a truth which had been mde* 
pendently discovered by no less than three different travelers, the theory 
of terrestrial masnetism would have been extended by the knowledge 
of a new class of observations, dating eighteen years earlier than they 
now do. This simple statement of tacts may probably justify the ob- 
servations contained in the third volume of my Relation Historiqut (p. 
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tensity a^eting the vrhoh Earth, is especially due, since 1819, 
to the unwearied activity of Edward Sabine, who, after hav- 
ing observed the oscillations of the same needles at the Ameri- 
can north pole, in Greenland, at Spitzbergen, and on the coasts 
of Guinea and Brazil, has continued to collect and arrange 
all the facts capable of explaining the direction of the isody- 
namic lines. I have myself given the first sketch of an isody- 
namic system in zones for a small part of South America. 
These hues are not parallel to lines of equal inclination (iso- 
clinic lines), and the intensity of the force is not at its minimuxa 
at the magnetic equator, as has been supposed, nor is it even 
equal at all parts of it. If tve compare Erman's observations 
in the southern part of the Atlantic Ocean, where a faint zone 
(0-706) extends from. Angola over the island of St. Helena to 
the Brazilian coast, with the most recent investigations of the 
celebrated navigator James Clark Boss, we shall find that 
on the sur&use of our planet the force increases almost in the 
relation of 1 : 3 toward the magnetic south pole, where Vic- 
toria Land extends from Cape Crbzier toward the volcano 
Erebus, which has been raised to. an elevation of 12,600 feet 
above the ice.* If the intensity near the magnetic south pole 

615} : " The observations on the variation of terrestrial magnetism, to 
Vfrhich I have devoted myself for thirty-two years, by means of instru- 
ments which admit of comparison with one another, in America, Earope, 
and Asia, embrace an area extending over 188 degrees of longitude, 
from the frontier of Chinese Dzonngarie to the west of the South Sea 
bathing the coasts of Mexico and Peru, and reaching from 60^ north 
lat. to 12^ south lat. I regard the discovery of the law of the decre- 
ment of magnetic force from the pole to the equator as the most im- 
portant result of my American voyage." Although not absolutelv cer- 
tain, it is very probable that Condorcet read Lamanon's letter of July, 
1787, at a meeting of the Paris Academy of Sciences; and such a sim- 
ple reading I regard as a sufficient act of publication. ^ (Annuaire du 
Buretm des Longitudes^ 1842, p. 463.) The first recognition of the law 
belongs, therefore, beyond all question, to the companion of La Perouse; 
but, long disregarded or forgotten, the knowledge of the law that the 
intensity of the magnetic force of the Earth varied with the latitude, 
did not, I conceive, acquire an existence in science until the publica- 
tion of my observations from 1798 to 1804. The object and the length 
of this note wfll not be indifferent to those who are familiar with the 
recent history of magnetism, and the doubts that have been started in 
connection with it, and who, from their own experience, are aware 
that we are apt to attach some value to that which has cost us the un* 
interrupted labor of five years, under the pressure of a tropical climate, 
and of perilous mountain expeditions. 

* From the observations hitherto collected, it appears that the max-, 
imnm of intensity for the whole surface of the Earth is 2*052, and the' 
minimum 0.706. Both phenomena occur in the southern hemisphere; 
the former in 73^ 47' 8. lat, and 169^ 30' E. long, from Paris, near 
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be expiressed by 2*052 (the unit still eioiployed being the in^ 
tensity which I discovered on the magnetic equator in North- 
ern Peru), Sabine found it was only 1-624 at the magnetic 
north pole near Melville Island (74^ 27' north lat.), while it 
is 1-803 at New York, in the United States, which has al- 
most the same latitude as Naples. 

The brilliant discoveries of CErsted, Arago, and Faraday 
have established a more intimate connection between the elec- 
tric tension of the atmosphere and the magnetic tension of our 
terrestrial globe. While CErsted has discovered that elec- 
tricity excites magnetism in the neighborhood of the conduct- 
ing body, Faraday's experiments have elicited electric currents 
from the liberated magnetism. Magnetism is one of the mani- 
fold forms under which electricity reveals itself. The ancient 
vague presentiment of the identity of electric and magnetic 
attraction has been verified in our own times. " When elec- 
trum (amber)," says Pliny, in the spirit of the Ionic natural 
philosophy of Thales,* " is animated by friction and heat, it 
will attract bark and dry leaves precisely as the loadstone at- 
tracts iron." The same words may be foond in the literature 
of an Asiatic nation, and occur in a eulogium on the load* 
stone by the Chinese physicist Kuopho.t I observed with as- 

Mount Crozier, west-northweBt of the south magnetic pole, at a place 
where Captain James Ross found the inclination of the needle to be 87° 
11' (Sabine, ContribuHom to TerresiHal MagTutiim, 1S43/ No. 5, p. 
231) ; the latter, observed by Erman, at 19° 59' S. lat., and 37° 24' W. 
long, from Paris, 320 miles eastward from the Brazilian coast of Espirita 
Santo (Erman, Phyt, Beob., 1841, s. 670), at a point where the inclinap 
tion is only 7<^ 55'. The actual ratio of the two intensities is therefore 
as 1 to 2-906. It was long believed that the greatest intensity of the 
ma^etic force was only two and a half times as great as the weakest 
exhibited on the Earth's surface. (Sabme, Report on Magnetic In- 
tensity^ p. 82.) 

* Of amber (saccinum, glessum) Pliny observes (xamvii., 3), " Gen- 
era ejus plura. Attritu digitorum aocepta caloris anima trahunt in se 
paleas ac folia arida qute levia sunt, ac ut magnes lapis ferri ramenta 
quoque." (Plato, i» TimaOf p. 80. Martin, Etude «#r le Timie, t. ii., 
p. 343-346. Strabo, xy., p. 703, Oasaub. ; Clemens Alex., Strom., ii., 
p. 370, where, singularly enough, a difference is made between to 
aovxiov and to ^XsKTpov.). When Thales, in Aristot., de Anima, 1, 2, 
and Hippias, in Diog. Laert., i., 24, describe the magnet and amb^ as 
possessing a soul, they refer only to a moving principle. 

t ** The oaagnet attracts iron as amber does the snmUest^rain of mus- 
tard seed. It is like a breath of wind which mysteriously penetrates 
.through both, and communicates itself with the rapidity of an arrow.'' 
These are the words of Kuopho, a Chinese panegyrist on the magnet, 
who wrote in the beginning of the fourth century. (K\Kproth,Lettre ^ 
Jf . A. de Humboldt, eur Vlhtfeation de la Bouuote, 1834, p. 125.) 
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tonkhnieat, on the woody banks of the Orinoco, in the sporty 
of the natives, that the excitement of electricity by friction 
was known to these savage races, who occupy the very lowest 
place in the scale of humanity. Children may be seen to rub 
the dry, flat, and shining seeds or husks of a trailing plant 
(probably ^'Negretia) until they are able to attract threads 
of cotton and pieces of bamboo cane. That which thus de- 
lights the naked copper-colored Indian is calculated to awaken 
in our minds a deep and earnest impression.. What a chasm 
divides the electric pastime of these savages fipom the discov- 
ery of a metalUc conductor discharging its electric shocks, or a 
pile composed of many chemically-decomposing substances, or 
a l%ht-engendenng magnetic apparatus ! In sucH a chasm 
He buried thousands of years that compose the history of the 
intellectual development of mankind \ 

The incessant change or oscillatory motion which we dis- 
cover in aU magnetic phenomena, whether in those of the in- 
clination, declination, aiid intensity of these forces, according 
to the hours of the day and the night, and the seasons and the 
course of the whole year, leads us to conjecture the existence 
of very various and partial systems of electric currents on the 
surface of the Earth. Are these currents, as in Seebeck's ex- 
periments, thermo-magnetic, and excited directly from unequal 
distribution of heat ? or should we not rather regard them as 
induced by the position of the Sua and by solar heat ?* Have 
the rotation of the planets, and the different degrees of velocity 
which the individual zones acquire, according to their respect- 
ive distances from the equator, any influence on the distribu- 
tion of magnetism ? Must we seek the seat of these currents, 
that is to say, of the disturbed electricity, in the atmosphere, 
in the regions of planetary space, or in, the polarity of the Sun 
and Moon ? Galileo, in his celebrated Dialogo, was inclined 
to ascribe the parallel direction of the axis of the Earth to a 
magnetic point of attraction seated in universal space. 

If we represent to ourselves the interior of the Earth as 
fused and undergoing an enormous pressure, and at a degree 
of temperature the amount of which we are unable to assign, 

* '' The pbeuomena of pkeriodxcal variatioDB depend maaifestly on the 
action of sqW heat, operating probably through the medium of thermo- 
electric currents induced on the Earth's sunace. Beyond this rude 
gaess, however, nothing is as yet known of their physical cause. It is 
even still a matter of speculation whether the solar influence be a prin« 
cipal or onlv a subordinate cause in the phenomena of terrestrial mag- 
netism." ((^erv(Uion$ to he made in the Antarctic Expedition, 1840, 
p. 35.) 
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we must renounce all idea of a magnetic nucleus of the Earth. 
All magnetism is certainly not lost until we arrive at a white 
heat,')'' and it is manifested when iron is at a dark red heat ; 
however difierent, therefore, the modifications may he which 
are excited in substances in their mt)1ecular state, and in the 
coercive force depending upon that condition in experiments 
of this nature, there will still remain a considerable thickness 
of the terrestrial stratum, which might be assumed to be the 
seat of magnetic currents. The old explanation of the horary 
variations of declination by the progressive warming of the 
Earth in the apparent revolution of the Sun from east to west 
must be limited to the uppermost surface, since thermometers 
sunk into the Earth, which are now being accurately observed 
at so many different places, show how ^owly the solar heat 
penetrates even to the inccmsiderable depth of a few feet. 
Moreover, the thermic condition of the surface of water, by 
which two thirds of our planet is covered, is not favorable to 
such modes of explanation, when we have reference to an im- 
mediate action and not to an effect of induction in the adrial 
and aqueous investment of our terrestrial globe. 

In the present condition of our knowledge, it is impossible 
to afibrd a satisfactory reply to all questions regarding the ulti- 
mate physical causes of these phenomena. It is only with ref- 
erence to that which presents itself in the triple manifestations 
of the terrestrial force, as a measurable relation of space and 
time, and as a stable element in the midst of change, that 
science has recently made such brilliant advances by the aid 
of the determination of mean numerical values. From To- 
ronto in Upper Canada to the Cape of Good Hope and Van Die- 
men's Land, from Paris to Pekin, the Earth has been covered, 
since 1828, with magnetic observatories,! in which every regu- 

* Barlow, in the PhUos. Trans, for 1822, Pt. i., p. 117 ; Sir David 

Brewster, Treatise on Magnetism, p. 129. Long before the times of 

Gilbert and Hooke, it was taught in the Chinese work Ow-thsa-tsou 

tliat heat diminished the directive force of the magnetic needle. (Kla- 

* proth, Lettre a M. A.de HumboldC, sur V Invention de la Boussole, j». 96.) 

t As the first demand for the establishment of these observatories (a 
net-work of stations, provided with similar instruments) proceeded 
from me, I did not dare to cherish the hope that I should live long 
enough to see the time when both hemispheres should be imifonnly 
covered with magnetic houses under the associated activity of abto 
physicists and astronomers. This has, however, been accomplished, 
and chiefly through the liberal and continued support of the Russian and 
Briti^ governments. 

In the years 1806 and 1807, 1 and my friend and fellow-laborer, Herr 
Oltmanas, while at Berlin, observed the movements of the needle, etipO' 
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lai or irregular mamfestation of the terreetrial ferce ifl detected 
by uninterrupted and simultaneous observations. A variation 

cially at the times of the soUtices and eqainoxes, from hour to hoar, 
and often from half hour to half hoar, for five or six days and nights 
aninterraptedly. I had persuaded myself that continuous and uninter- 
rupted observations of several days and nights (observatio perpetua) 
were preferable to the single observations of many months. The ap- 
paratus, a Prony's magnetic telescope, suspended m a glass case by a 
thread devoid of torsion, allowed angles of seven or eight seconds to be 
read off on a finelyniivided scale, placed at a proper distance, and 
lighted at night by lamps. Magnetic perturbations (storms), which oc- 
casionally recarred at tne same hour on several successive nights, led 
me even then to desire extremely that similar apparatus should be used 
to the east and west of Berlin, in order to distinguish general terres- 
trial phenomena from those which are mere local disturbances, depend- 
ing on the inequality of heat in different parts of the Earth, or on the 
cloudiness of the atmosphere. M^ departure to Paris,, and the lone 
period of political disturbance that involved the whole of the west of 
Europe, prevented my wish from being then accomplished. (Ersted's 
great discovery ( 1820) of the intimate connection between electricity 
and magnetism again excited a general interest (which had long flag- 
ged) in the periodical variations of the electro-magnetic tension of the 
Earth. Arago, who many years previously had commenced in the Ob- 
servatory at Paris, with a new and excellent declination instrument by 
Gambey, the longest uninterrapted series of horary observations which 
we possess in Europe, showed, by a comparison with simultaneous ob- 
servations of pertm-batioh made at Kasan, what advantages might be 
obtained from corresponding measurements of declination. When I 
returned to Berlin, after an eighteen years' residence in France, I bad 
a small magnetic house erected in the autumn of 1828, not only with 
the view of carrying on the work commenced in 1806, but more with 
the object that simultaneous observations at hours previously determ- 
ined mieht be made at Berlin, Pari*, and Freiburg, at a depth of 35 
fethoms below the sur&ce. The simultaneous occurtence or the per- 
turbations, and the parallelism of the movements for October and De- 
cember, 1829, were then graphically represented. (Pogg., AnjuUen, 
bd. xix., s. 357, taf. i.-iii.) An expedition into Northern Asia, under- 
taken in 1829, by command of the Emperor of Russia, soon gave me an 
opportunity of working out my plan on a larger scale. This plan was 
laid before a select committee of one of the Imperial Academies of 
Science, and, under the protection of the Director of the Mining Depart- 
ment, Count von Cancrin, and the excellent superintendence of Pro- 
fessor Kupffer, magnetic stations were appointed over the whole of 
Northern Asia, fromNicole^eff, in the line through Catharinenburg, Bar- 
naul, and Nertschinsk, to Pekin. 

The year 1832 {GoUin^er g^lehrte Anzeigertf st. 206) is distinguish^ 
88 the ^eat epoch in which the profound author of a general theory of 
terrestnal magnetism, Friedrich Gauss, erected apparatus, constructed 
on a new principle, in the GOttingen Observatory, The ma^etic ob- 
servatory was finished in 1834, and in the same year Gauss distributed 
new instruments, with instructions for their use, in which the celebrated 
physicist, Wilhelm Weber, took extreme interest, over a large portion 
of Germany and Sweden, and the whole of Italy. (RenUtate der Beab, 
de4 Maf^titehen Vereins im Jahr 1338, 8. 135, and Poggend., AnruUenf 
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of Y^^Yiptfa of tho magnetic intensity is measuied, and, at cer- 
tain epoohs, olwerrationfl are made at intervals of 2^ minutes, 
and continued fi>r twenty-four hours consecutively. A great 
English astronomer and physicist has calculated* that the 
mass of observations which are in progress will accumulate in 
the course of three years to 1,958,000. Never before has so 
noble and cheerful a spirit presided over the inquiry into the 
gitantUcUive relations of the laws of the phenomena of nature. 
We are, there&re, justified in hoping that these laws, when 
eompared with those which govern the atmos^ere and the 
remoter regions of space, may, by degrees, lead us to a more 
intimate acquaintance with the genetic conditions of magnetic 
phenomena. As yet we can only boast of having opened a 
greater number of paths which may possibly lead to ^n ex- 
planation of this siibject. In the physical science of terreft* 

bd. zzxiii., s. 426.) Xxx the magkietic asaociatipn that waa now formed 
with GOttingen for its center, simultaneouB observations have been un- 
dertaken four times a year since 1836, and continued unintermptedlj 
for twenty-four hours. The periods, however, do not coincide wi& 
those of the equinoxes and solstices, which I had proposed and followed 
out in 1830. Up to this period. Great Britain, in possession of the most 
extensive commerce and the largest navy in the world, had taken no 
part in the movement which since 1828 oad begun to yield important 
results for the more fixed sround-work of terrestrial magnetism. I had 
the good fortune, by a public appeal firom Berlin, which I sent in April, 
. 1836, to the Duke of Sussex, at that time President of the Boyal So- 
ciety (Lettre de M. de Humboldt k S.A.E. le Due de Sussex, sur les 
moyeas propres k perfectionner la connaissance du magn6tisme terrestre 
par r^tablissement des stations magn^ti<|ues et d'observations corre- 
spondantes), to excite a friendly interest m the undertaking which it 
had so long been, the chief object of my wish to carry out. In my let- 
ter to the Duke of Sussex 1 urged the establishment of permanent sta- 
tions in Canada, St. Helena, the Cape of Good Hope, the Isle of France, 
Ceylon, and New Holland, which five years previously I had advanced 
as good positions. The Royal Society appomted a joint physical and 
meteorok>|pcd committee, which not only proposed to the government 
the establishment of fixed magnetic observatories in both hemispheres, 
but also the equipment of a naval expedition ^r magnetic observations 
in the Antarctic Seas. It is needless to proclaim tiie obligations^ of 
science in this matter to the great activitv of Sir John Herschel, Sabine^ 
Airy, and Lloyd, as well as the powerful support that was afibrded by 
the British Association for the Advancement of Science at their mee^ 
ing held at Newcastle in 1838. In June, 1839, the Antarctic magnetic 
expedition, under the command of Captain James Clark Boss, was fully 
arranged ; and now, since its successful return,^ we reap ihe double 
firuits of highl]^ important geographical discoveries around the south 
pole, and a series of simultaneous observations at eight or ten magnetic 
stations. 

* See the article on Terrestrial Magnetitm^ in the Quarterly Rwiew, 
X«40, vol. Ixvi., p. 271-312. 
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trial magnetism, which must not he confounded with the 
purely mathematical hranch of the study, those persons only 
will ohtain perfect satisfaction who, as in the science of the 
meteorological processes of the atmosphere, conveniently turn 
aside the practical hearing of all phenomena that can not he 
explained according to their own views. 

Terrestrial magnetism, and the electro-dynamic forces com- 
puted by the inteUectual Ampere,* stand in simultaneous and 
intimate connection with the terrestrial or polar light, as well 
as with the internal and external heat of our planet, whose 
magnetic poles may be considered as the poles of cold.t The 
bold conjecture hazarded one hundred ana twenty-eight years 
since by Halley,:!: that the Aurora Borealis was a magnetic 
phenomenon, has acquired empirical certainty from Faraday's 
brilliant discovery of the evolution of light by magnetic ferces. 
The northern light is preceded by premonitory signs. Thus, 
in the morning before the occurrence of the phenomenon, the 
irregular horary course of the magnetic needle generally indi- 
cates a disturbance of the equilibrium in the distribution of 

* Instead of ascribing the intemal heat of Ifie Earth to the transitioa 
of matter from a yapor-Kke fluid to a solid condition, which iiccom^ 
panies the foniwiiion of the planetsf Ampere has propounded the idea, 
which I TegAf'^ as highly improbahle, that the Earth's temperature may 
be the consequence of the continuous chemical action of a nujcleus of 
the metals of the earths and alkalies on the oxydizing external crust. 
" It can not be doubted," he observes in his masterly Thi<me des PMno- 
mines Electro-dynamiqties, 1826, p. 199, "that electro-magnetic cur- 
rents exist in the interior of the globe, and that these currents are ^ 
cause oiita temperature. They arise from the action of a central me* 
tallic nucleus, composed of the metals discovered by Sir Humphrey 
Davy, acting on the surrounding oxydized layer." 

t The remarkable connection between the curvature of the magnetic 
Knes and that of my isothermal lines was first detected by Sir David 
Brewster. See the T^antacHom of the Royal Society ofEdMmrght vol. 
ix., 1821,p. 318, and Treatise on Magnetisniy 1837, p. 42, 44, 47, and 
268. This distinguished physicist admits two cold jpoies (poles of maxi- 
mum cold) in the northern hemisphere, an American one near Cape 
Walker (73° lat., 100^ W. long.), imd an Asiatic one (73<^ lat., 80° B. 
long.) ; whence arise, according to him, two hot and two cold merid- 
ians, f. e., meridians of greatest heat and cold. Even in the sixteenth 
centuiy, Acosta (Historia Natural de las Indiasj 1589, Ub. i., cap. 17), 
grounding his opinion on the observations of a very experienced Portu- 
guese pilot, taught that there were four lines without declination. It 
would seem firom the controversy of Henry Bond (the author of 1%6 
Longitude Foundf 1676) with Beckborrow, ^tthis view in some meas* 
ure influenced Halley in his theory of four magnetic poles. See my" 
Examen Critique de VHist. de la GSograpkief t in., p. 60. 

t Halley, in the Philosophical Transactions, vol. xxix. (for 1714-" 1716), 
No. 341. 
Vol. I.— I 
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t^nrestrial magnetiim.* When this disturbance attains a gnuX 
degree ef intensity, tli^ eqoilihrium of the di;3tnbution is re- 
vtoied by iv dischai^ge attended by a deyelopment of ^ght. 
" The Aurorat itself is, therefore, not to be regarded as an ex- 
tem^iUy soanifested cause of this disturban/ce, but rather as a 
result of telluric activity, manifested on the o^e side by the 
appearance of the light, and on the other by the vibrations of 
the magnetie needle." The splendid appearance of colored 
polar light ia the aet oi discharge, the termination of a mag- 
netic storm, as in an electrical storm a devebpment of light — 
the flash 9f lightning — vindicates the restoration of the disturb- 
ed e<}uilibnum in the distribution of the electricity. An elec- 
tric storm is generally confined to a «naU space, beyond the 
limits of whidi the condition of the atmospherie electricity 
remkams nnohangect- A nokagoetic storm, gn the other hand^ 

• [Tho Anroni BoreaU^ pf October 24th, 1847, wWcb was oae of the 
xaM brilhwit expr ^own in^ this cquQtry^ was preceded by great mag- 
netic cBstarbaiice. Qn the 22d of bctooer the maximnm of the west 
declination waa 23^ 10^ ; c» the 23d the position of the magnet wa9 
continually changing, and the extreme wefit4eclinal3ow werebetweea 
Sa<=> 4V and 88^ 37^ ; on t^^e mght between the 3i8d and 24ih of October, 
^ changes of poilttm "^ere yery large and very ficequent, the magnet 
at time9 bvxyim apxo«s the ftald so rapidly that a ctiffitxilty was experi- 
enced in *>Bawipg it. Durii^ the day of tiUe 24lh of OctoW there was 
a QoQBtanfc change of positno, oat after nudnigbt, when the Aurora be* 
can perceptibly t^decEoeinbrigbtaess, the distorbance entireiv ceased. 
The cha^ge« of position oi, the horizontal-force magnet were as lavg^ and 
8» frequent as tho4e pf t^ declination nvkgnet^ but tli^ verticai.ipi:cet 
noAgnet wai at no time so ^uich afiected as the other two instrumeutA, 
See On ^hc ^rQfiak B^realis, a» it vtat. »fieit on Sundtiiy evatingf Octobev 
24(Jk, 1847, at Mackh^ath, by James Glaisher, Esq^ of the Royal Observa- 
tory, (Jreenwich, in the London, Edinburgh, anft J^ublin Philos. Mag, 
(mi Jottnud of Science Jor Nov., 1^47. See fiirther, An Aceouni of &e 
^mqra 9<nmlUof Octo^ <A<. 24^A, 1847, by John H. Morgan, Esq. 
We niust not ofoi^ to noen^ioA thi^t magne^ disturbance is . now regis* 
ter^d by a pMogre^ic process: the selfi^gistering photographic ap- 
ptliiata^ u«9d for thi» purpose in the Observatory at &eenwch was de^ 
aign^ by A|r. Bi;oo1b(B^. a^ another ingenious instrument of this kind 
has been iniven^ by l^r. F. Rpnalds, of th^ Bicbo^pad Obsecv^ry. W 
Tr, 

t Dove, ia Poggend., 4«a^% bd. xx., «, 34.1 ; bd. xix., s. 38$, 
*' The declinatspa neodJQ »pts in very nearly the same way as, an atmofi- 
pheriq electiKxneter^ whop^ diTergenee in like uianner shows the in- 
creased temsikw of the el^tricity before thds has become so great as to 
yield a spark/' ^e^, idso, the excellent observations of Professor Kamtz. 
in \m Ukrbitch der M^ttfitcologier bd. iii., s, 511-51d, and Sir David 
^iMwater, in his Treatiae on. Magn^Usm, p. 280. Regarding the mag* 
netie prc^rties of the gabranic flame, or luminous arch £rom a Bun- 
^n's carbon and amc battery, see Gass^mann's BtttbacUungen (Mar- 
burg, 1844), 8. 56-€2» ^ 
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8h<mft ita iQiLuea$e oa ibe ewvse of thef ««e€U& oim InTge poi^ 
tioQa of c<»itiii!9xiUi» imd, »& Arago fi?ck1f diseov^ied,, £» froca 
the spot wheie the. eirohitioii (^ light vaa vifliUe. It is not 
improbable that* as hearily-ohaiged threatemiog olouds^ owing 
to frequent transitions of the atmospheric electricity to an op- 
posite eondition, are not always cUiieharged, aeoompanied hy 
lightiuttg„ 60 Ukemrise maguetie storms, may occasion iSur-ex- 
tending distuxhances in the ho?ary coarse of the needle, with- 
out there h^ng any positive necessity that the equiUhcium of 
the distribtttion should be restored by exptoston, <Mr by the 
passage of luminous effiiaioiifi fixun oote of the potes to the 
equator, oi from pole to pole. 

In QoUecting all the inchTidual features of the phsttomenoii 
]» one general pictuure^ we must not omit to describe the origin 
and couxse of a perfectly developed Aurc^a BorealiB. Low 
down in the distant honzon, about the part of the heavens 
whioh is intersected by the magnetic meridian^ the sky which 
was previously cleai ia at once overcast. A dense wall or 
bank of oloud seems to rise gradually higher and higher, until 
it attains an elevation of 8 or 10 degvees. The odor <^ the. 
dark segment passes intobn^wa or violet ; and stars aie visi- 
ble through the cloudy stratum, as when 9, dense smt^e dark^ 
eapks the sky. A broad, biightly4uiainous axdi, &r^ whitAy 
then yellow, enourclea the dark segment ; hot aa the brtUiant 
arch appears subsequently to the smoky gvay segment^ we can 
not agree with Argelandet in ascribmg the latter to the e^t 
of mere oontrast with the blight huaineus mnigin.'''' The 
highest point of tbsi areh of light is* aoeording to^ a^eurate ob* 
secvations made on this 8u1^eet,t net geaecally in the magnet- 
ic meridian itself, but fr<«a 5^ to IB^ toward the direction of 
the magnetic declination of the plAMb4 In nerthern latitudes^ 

* Argelandev, in the important observations o» the aordwrn light 
embodied ki the VoHrdgen gekalten 9» 4er pkymkcdi^k^kommit^am 
QesselUchaft zu Konie^erg, bd. i., 1834, 9, 257-264. 

t For an accoont of the resulte of the observatioQa of Lottin, Bravais, 
and SiljerstrOm, who spent a winter at Bosekop, on the coast of Lap- 
land (70^ N. lat.), and in 210 nights saw the northern hghta 16Q times, 
aee the GonipU$ R^Thdutde VAcad, dea Scieme^a^ t. z., p. 2^» and Mais 
tins's M^t^orologtCf 1843, ^. 453. See, also, Argelander, in ti^e YdrtrO' 
fen geh. in derKdnif»berg CUsteUaekaft, bd. i., s. 259. 

X [Professor Challis, of Cambridge, states that in the Aurora of Oc- 
tober 24tii, 1847, the streamers all converged toward a sin^fle point of 
^ heavens, sitaated in er ver^r near a vertical cirele passing through 
the magnetic pole. Anmnd this point a corona waa ionued, the rays 
of which diverged in all directions from the center, leaving a space freei 
from light : its azimnth was 18^ iH from south to east, and its altitude 
69^ 54'. See PFofessor OhaUis, in the JUImmnm, Oct. 31, 1847.]<*3V 
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in the immediate vicinity of the magnetic pole^ the Bmbke-like 
c(Hiical eegmSnt appears less dark, and sometimes is not evisxi 
seen. Where the horizontal force is the weak^t, the middle 
of the Imninous arch deviates the most from the magnetic 
meridian. 

The luminous arch remains sometimes fi^r hours together, 
flashing and kindling in ever-varying undulations, hefore rays 
and streamers emanate &om it, and shoot up to the zenith. 
The more intense the discharges of the northern light, the 
more bright is the play of colors, through all the varying gra* 
dations from violet and bluish ^hite to green and crimson. 
Even in ordinary electricity excited by friction, the sparks are 
only colored in cases where the explosion is very violent after 
great tension. The magnetic columns of flame rise either 
singly from the luminous arch, blended with black rays simi- 
lar to thick smoke, or simultaneously in many opposite points 
of the horizon, uniting together to form a flickering sea of 
flame, whose brilliant beauty admits of no adequate descrip- 
tion, as the luminous waves are every moment assuming new 
and varying forms. The intensity of this light is at times so 
great, that Lowenom (on the 29th of June, 1786) recognized 
the COTUscation of the polar light in bright sunshine. Motion 
renders the phenomenon more visible. Round the point in 
the vault of heaven which corresponds to the direction of the 
inclination of the needle, the beams unite together to form the 
so-called corona, the crown of the northern light, which en- 
circles the summit of the heavenly canopy with a milder ra- 
diance and unflickering emaiuitions of light It is only in 
rare instances that a perfect crown or circle is formed, but on 
its completion the phenomenon has invariably reached its 
maximum, and the radiations become less frequent, shorter, 
and more colorless. The crown and the luminous archer 
break up, and the whole vault of heaven becomes covered 
with irregularly-scattered, broad, faint, almost ashy-gray lu- 
minous immovable patches, which in their turn disappear, 
leaving nothing but a trace of the dark, smoke-like segment 
on the horizon. There often remains nothing of the whole 
spectacle but a white^ delicate cloud with feathery edges, or 
divided at equal distances into small roundish groups like cir^ 
ro-cumuli. 

This connection of the polar light with the most deUcate 
cirrous clouds deserves special attention, because it shows that 
the electro-magnetic evolution of light is a part of a meteoro- 
logical process. Terrestrial magnetism here m^mifests its in- 
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£ueace on the atmosphere and on the condensation of aqueous 
vapor. The fleeey clouds seen in Iceland by Thienemann, 
and which he considered to be the northern light, have been 
seen in reoent times by Franklin and Briohardson near the 
American north pole, and by Admiral Wrangel on the Sibe- 
rian coast of the Polar Sea. All remarked '' that the Aurora 
flashed forth in the most vivid beams when masses of cirzous 
strata were hovering in the upper regions of the air, and when 
these were so thin that their presence could only be recognized 
by the formation of a halo round the moon.^' These clouds 
sometimes range themselves, even by day, in a similar manner 
to the beams of the Aurora, and then disturb the course of 
the magnetic needle in the same manner as the latter. On 
the meaning after every distinct nocturnal Aurora, the same 
superimposed strata of clouds have stiU been observed that 
had previously been luminous.* The apparently converging 
polar zones (streaks of clouds in the direction of the magnetic 
meridian), which constantly occupied my attention during my 
journeys on the elevated plateaux of Mexico and in Northern 
Asia, belong probably to the same group of diurnal phenom* 
ena.t 

* John Franklin, NarrcUive of a Journey to the Shores of the Polar 
Sea, in the Years 1819-1822, p. 552 and 597 ; Thienemann, in the 
Edinburgh Philosophical Journal, vol. xx., p. 336 ; Fcirquharaon, in vol. 
vj., p. 392, of the same journal ; Wrangel, Phys, Beaib^, s. 59. Parry 
even saw the great arch of the northern light continue throughout the 
day. {Journal of a Second Voyage, performed in 1821-1823, p. 156.) 
Something of the same nature was seen in England on the 9th of Sep- 
tember, 1827. A luminous atch, 20^ high, with columns proceeding 
from it, was seen at noon in a part of the sky that had been clear after 
rain. {Journal of the Royal institution of Great Britain, 1828, Jan., 
p. 429.) 
^ f On my retani from my American travels, I described the delicate 
cirro-cumulus cloud, which appears uniforooly divided, as if by the 
action of repulsive forces, under the name of polar bands {handes po- 
laires), because their perspective point of convergence is mostly at first 
in the magnetic pole, so t&at the parallel rows of fleecy clouds follow 
the magnetic meridian. Okie peculiarity of this mysterious phenomenon 
is the oscillation, or occasionally the gradually proeressive motion, of 
the point of conversence. It is usually observed mat the bands are 
only fully developed in one resion of the heavens, and they are seen 
to move first from south to north, and then gradually from east to west. 
I could not trace any connectiou between me advancing motion of the 
bands and alterations of the currents of air in the higher regions of the 
atmosphere. They occur when the air is extremely calm and the 
heavens are quite serene, and are much more common under the 
tropics than in the tempepite and frigid zones. I have seen this phe- 
nomenon on the Andes, idmost under the equator^ at. an elevation of 
15,920 feet, and in Northern Asia, an the plains of Krasnojarski, sooth 



Digitized by VjOOQ IC 



196 co&ifos. 

Sonlliem liglrtft kaira often b^eti seen k Englaiid by the in- 
tdlig«fit and indefati^ble obBerrer Daltoti, and northern lights 
have been obBerved in the southern hemisphere as far as 45^ 
latitude (as on the 14th of January, 1831). On occasions 
that ai6 by no means of tare occurrence, the equilibrium at 
both poles has been tdmultaneously disturbed. I have discoT- 
ered with certainty that northern polar lights have been seen 
within the tropics in Mexico and Feru. We must distinguish 
between the sphere of simultaneous visibility of the phenom- 
enon and the zones of the Earth where it is seen almost night- 
ly. Every observer no doubt sees a separate Aurora of his 
own, as he sees a separate lainbow. A great portion of the 
Earth ttmultaneoasly engenders these phenomena of emana- 
tions of light. Many nights may be instanced in which the 
phenomenon has been simultaneously observed in England 
and in Penm^lvania, in Rome and in Pekin. When it is 
stated that Auroras diminish with the decrease of latitude, 
the latitude must be understood to be magnetic, and as meas- 
ured by its distance from the magnetic pole. In Iceland, in 
Greenland, Nev^oundland, on the shores of the Slave Lake, 
and at Fort Enterprise in Northern Canada, these lights ap- 
pear almost every night at certain seasons of the year, c^e- 
brating with their flashing beams, aocoiding to the mode of 
expression common to the inhabitants of the Shetland Isl^, 
" a merry dance in heaven.*** While the Aurora is a phe- 
nomenon of rare occurrence in Italy, it is frequently seen in 
the latitude of Philadelphia (39'' 61% owing to tin southern 
position of the American magnetic pole. In the districts 
which are remarkable, in the New Continent and the Sibe- 
rian coasts, for the frequent occurrence of this phenomenon, 
there are special regions or zones of longitude in which the 
polar light is particulariy bright and brilliant.t The exist- 

of Bachtanxunsk, fto Bimilarly developed, that we must reganl tlie in- 
flaences producing it ss Tery widely distributed, and as depending on 
general natural forces. See the important obsenrations of K&mtz ( Vff/^ 
tettm^en ikber MeUorologie, 1840, s. 146), and the more recent ones cf 
Martms and BraVais (M€t€orologie, 1843, p. 117). In south polar bands, 
Composed of very delicate clouds, observed by Arago at Paris on ^e 
83d of June, 1844, dark rays shot upward from an atx;h running east 
and west. We have already made mentbn of black rays, reseinbling 
dark smoke, as oocurring in brilliant nocturnal northern lights. 

* The northern lights are called by the Shetland Islandetift ** the 
merry dancers.** (Kendal, in the Quarterly Journal of Science, new 
series, vol. iv., p. 395.) 

t See Muncke's excellent work In Uie new edition t>f Oehlet-'ft Phfflk, 
V^rteHwh, bd. vli., i., «. 113-^68, and especially s. 158. 
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61106 bf local inflUehoeft onJa. not, therofc^, b6 cteniisd iA th€^ 
tfuses. Wrangel saw the bnlliancy dhhi^liill As he left the 
<rho)re& of the Polar Sea, about Niitohtte-Kolymak. t^he ob- 
aerratfons made in the North Polalr expedition appear to proVB 
that in the iknmediate Vicinity of tfa!6 tnagn^Uc pole the de^ 
velopihe&t of li^ht ig niot in the leaiit degree toafe ini^^Use or 
£iequent thaii at «0ikDe difitaaoe frobi it. 

The knowledge which we at present posMlfe tsf tHe iltitade 
<of the polar light h based da measuienieBtft Wl&h) Ihnt theiir 
tiatuie, this bonBtaiit. oeoillation of \h^ ^^^x6/iLomeia6n ^ light, 
and the dondequidbt uncertainty of thid a^id xt pandiait, are 
not dee^ting cf tiixtch 6oiifiden^e. Thd restilt^ obtaiaed, set- 
ling aside thie iASet data) fluctuate between several miles and 
an elevatibn bf 3Q0d ot 4000 f^t ; and, bk tJl ptobabilitj, 
the nortkerti lights at diSerent timos td^^r at Ver^f^ difieil^ht 
^levatiohB * The most reeent bbsi^rvers A^e disp((^s6d to place 
this pheaomenon \h the feegion of eloittis^ a^d not oil the Con- 
ines of the atmosphere ; and they even beli^ir^ that the rays 
tof thft Auit>ia may be a&cted b^ winds and enn^iits \df air, if 
the phenomenon of light) by wluch alohe the esdMen^ of an 
lelectro-magnetic current is appreciaHo, be wtUally ^doiinected 
with material groups of vesieles of Vapot in tootion, or, metis 
coni^ectly speaking, if light penetrate them, passing &om otie 
veside to another. Ftanklin saw near Great Bear Lake k 
beaming northern li^ht) the lower side of which hSb thought 
illuminated a stratum of clouds, while, at a distance df only 
ieighte^i geographical miles, Kendal, who was on watch 
throughout the whole nighty and neveir lost sight of the i^y, 
pereeived no phenomenon of light. Th6 assertion, fn fre- 
quently maintained of late, that the rays of the Aurora have 
been seen to shoot down to the gioand oetween the spectator 
and some nei^boting hill^ is open to the ehargis of opticid 
delusion, as in the cases of strokes tf lightning or of tl^ fali 
of fire-balk. 

Whether the magnetic storms, whose local character we 
have illustrated by auch remarkable examples, share noise as 
i^ell as light in common with electric stohns, is a question 

* FftrqabiU:«>ii ia the EiUnhnrgh Phil»$, Jbtcrtlol, Vol. 9tYi.; p. 804; 
PhU&$, Trantaet, for 1«29, p. 113. 

[The height of the bow of light of the Aurora seenat ^e Cambridge 
Observatory, March 19, 1847, was determmed by Pmfeflebra Cfarillis, of 
Cambridge, and GhevaUier, of Durham, to be 177 miles above the sar^ 
face of the Earth. See the notice of this meteor in An Aeeowit of the 
Aurora BorigaHk of Oct. 24, 1847, by John H. Morgan, Esq., 1848.1— 
Tr, 
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that has become difficult to answer, since implicit confidence 
is no longer yielded to the relations of Greenland ivhale-fish- 
ers and Siberian fox-hunters. Northern lights appear to have 
become less noisy since thqir occurrences have been more ac^ 
curately recorded. Parry, Franklin, and Richardson, near 
the north pole ; Thienemann in Iceland ; Gieseke in Green- 
land ; Lottin and Bravais, near the North Cape ; Wrangel 
and Anjou, on the coast of the Polar Sea, have together seen 
the Aurora thousands of times, but never heard any sound 
attending the phenomenon. If this negative testimony should 
not be deemed equivalent to the positive counter-evidence of 
Heame on the mouth of the Copper River and of Henderson 
in Iceland, it must be remembered that, although Hood heard 
a noise as of quickly-moved musket-balls and a slight crack- 
ing sound during an Aurora, he also noticed the same noise 
on the following day, when there was no northern light to be 
seen ; and it must not be forgotten that Wrangel and Gieseke 
were fully convinced that the sound they had heard was to 
be ascribed to the contraction of the ice and the crust of the 
snow on the sudden cooling of the atmosphere. The belief 
in a crackling sound has arisen, not among the people gener- 
ally, but ral£er among learned travelers, because in earlier 
times the northern light was declared to be an effect of atmos- 
pheric electricity, on account of the luminous manifestation 
of the electricity in rarefied space, and the observers found it 
easy to hear what they wished to hear. Recent experiments 
wi^ very sensitive electrometers have hitherto, contrary to 
the expectation generally entertained, yielded only negative 
results. The condition of the electricity in the atmosphere* 

* [Mr. James Glaisher, of the Royal Observatory, Greenwich, in his 
interesting Remarks on the Weather during the Quarter ending Decem- 
ber 31«<, 1847, says, *' It is a^ct well worthy of notice, that from the 
beginning of this quarter till the 20th of December, the electricity of 
the atmosphere was almost always in a neatral state, bo that no signs of 
elejctricity were shown for several days together by any of the electric- 
al instroments.^' During this period th^re were eight exhibitions of 
the Aurora BoreaUs, of which one was the peculiarly bright display of 
the meteor on the 24th of October. These frequent exhiKtions of brill- 
iant Aurorse seem to depend upon many remarkable meteorological re- 
lations, for we find, according to Mr. Glaiiher's statement in the paper 
to which we have already afluded, that the previous fifty years afford 
no paltdlel season to the closing one of 1847. The mean temperature 
of evaporation and of the dew point, the mean elastic force of vapor, 
the mean readmg of the l^arometer, and the mean daily range of the 
readings of the thermometers in air, were all greater at Greenwich 
during that season of 1847 than the average range of many preceding 
years. J— Tr. -o o ^ «r -o 
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is not found to be changed dumg the most intense Aurora'; 
but, on the other hand, the three expressions of the power of 
terrestrial magnetism, declination, inclination, and intensity, 
are all aiSected by polar Hght, so that in the same night, and 
at difierent periods of the magnetic deyelopment, the same 
end of the needle is both attracted and repelled. The asser- 
tion made by Parry, on the strength of the data yielded by 
his observations in the neighborhood of the magnetic pole at 
Melville Island, that the Aurora did not disturb, but rather 
exercised a calming influence on the magnetic needle, has been 
satisfactorily refuted by Parry's own more exact researches,* 
detailed in his journal, and by the admirable observations of 
Eicfaardson, Hood, and Franklin in Northern Canada, and 
lastly by Bravais and Lottin in Lapland. The process of the 
Aurora is, as has already been observed, the restoration of a 
disturbed condition of equilibrium. The eflect on the needle 
is different according to the degree of intensity of the explo- 
sion. It was only unappreciable at the gloomy winter station 
of Bosekop when the phenomenon of light was very faint and 
low in the horizon. The shooting cylinders of rays have been 
aptly compared to the flame which rises in the closed circuit 
of a voltaic pile between two points of carbon at a considera- 
ble distance apart, or, according to Fizeau, to the flame rising 
between a silver and a carbon point, and attracted or repelled 
by the magnet. This analogy certainly sets aside the neces- 
sity of assuming the existence of metallic vapors in the atmos* 
phere, which some celebrated phy»cists have regarded as the 
substratum of the northern light. 

. When we apply the indefinite term pciar light to the lumin- 
ous phenomenon which we ascribe to a galvanic current, that 
is to say, to the motion of electrig^y in a closed circuit, we 
merely indicate the local direction^ which the evolution of 
light is most firequently, although by no means invariably, 
seen. This phenomenon derives the greater part of its im- 
portance from the fact that the Earth beeomes self-luminous, 
and that as a planet, besides the light which it receives from 
the central body, the Sun, it shows itself capable in itself of 
developing light. The intensity of the terrestrial hght, or, 
rather, the luminosity which is difllused, exceeds, in cases of 
the brightest colored radiation toward the zenith, the light 
of the Moon in its first quarter. Occasionally, as on the 7th 
of January, 1831, printed characters could be read without 
difficulty. This almost uninterrupted development of light 
* Kfuntz, Lehrbuch der Meteorologie, bd. iii., s. 498 tiod 501. 
12 
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in the Earth leadit us by analogy to lh« rematkaUtt psroeeis 
exhibited in Venua. The portion of this planet \7hich is not 
illumined by the Sun often fihiaea with a ^oi^hottesdent light 
of its own. It is not improbable that the Moon, Jupiter, and 
the comets shine with an independent light, bedides the re- 
flected solar light Tisiblo through the pol^seope. Without 
speaking of the problematioul but yet ordinary mode in which 
the sky is illuminated, when a low okmd may be se^ to shine 
with an uninterrupted fiiokering light fer many minutes to- 
gether, we still meet with other instances of terrestri&ldeyelop- 
foent of light in our atmosphere. In this category we may 
reckon the celebrated luminous mists aem in 1783 and 1831 ; 
the steady luminous appearance exhibited without any flick- 
ering in great olouds observed by Rosier and Beccaria ; and 
lastly, as Arago* well remarks, the faint diflused light which 
guides the steps of the traveler iu cloudy, starless, and moon* 
less nights in autumn and winter, ev^ when there is no snow 
on the ground. As in polar light or the electro-magnetic 
storm, a current of brilliant and ofWm colored light streams 
through the atmosphere in high latitudes, so also in the torrid 
sones between the titipics, the ocean simultaneouedy develops 
light over a space of many thousand square miles. Here the 
magical efiect of light is owing to the ibiues of organic nature. 
Foaming with Ught, the eddying waves flash in j^osphores- 
cent sparks over the wide expanse of waters, where every i^in- 
tillation is the vital manifestation of an invisible animal world. 
60 varied are the sout«es of terrestrial light ! Must we still 
suppose this light to be latent, and combined in vapors, in 
order to explain Moser's inuzg&s produced (U a distance^-R 
discovery m which reality has lutherto nukuifested itself like 
a mere phantom of l^e i|wigination. 

As the internal heat o^ur planet is connect^ on the one 
hand with the generation of electro-magnetic currents and 
the process c^ terrestrial light (a consequence of the magnetic 
storm), it, on the other huid, discloses to us the chief source 
of gec^nostio ph^iomena. We shall conokler these in their 
connection with and their transition from merely dynamic dis- 
turbances, from the elevation of whole continents and mount* 
ain chains to the devdopment and eflui^n of gaseous and 

* Ariigo, on the dry fogs of 1783 ttid 1831, which iUamiuated the 
night, in the Annnaire du Bureau des LongUude$, 1832, p. 246 and 250 ; 
and, regarding extraordina^ luminooa appearances in elouds without 
fttorma, see Noticet tur /<t Tcmnerref in tOd Annuaite pour Pan. 183d, 
p. 27JMJ85. 
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liquid Huidfi, df Hot mud, and of thosk tested and tnbtten 
barths which become selidified into erystciliine itsineral mateeH. 
Modem geognosy, the mineral portion of tert^trial phyeiot, 
has made no i^ight advance in having invedtigated this con- 
nection of phenomena. This inve^giilicflii has led us Awaj 
from the delusive hypothesis, by which it iw^as customary for- 
toerly to endeavor to explain, individntiitjr, ev^ry ^xpresdon of 
force in th^ tenest^al globe : it shows ns the connection of 
the occurr^ice df heterogeneous snbMance^ with that Which 
only appertains to changes in space (disturbances oir eleva- 
tions), and groups together phehometift Whi<t;h at first sight 
appeared most heterogeneous, as thisrmal springs, efiluision of 
carbonic acid and sulj^urous vapor, innocuouiii salses (inud 
eruptions), and the di^^fiil devastations of vo^nib mount- 
ains * In a general view of nature all these phenomena are 
fused together in one sole idea ef the traction ^ the interioir 
of a planet on its external sar&ce. W<b thoii feisogmse ill the 
depths of the earth, and in the increaito of tfemperatiire With 
the increase of deptii from the sutfaoe, hot only the germ of 
disturbing movements^ but also of thb gradual elevation of 
whole continents (as mountain chaini^ on lon^ fiiMred), of vol"- 
eanic eruptions, and of the manifold production t^ mountains 
and mineral masses. The influence of this reaction of the 
interior on the ^terior is not, however, limited to inorganics 
nature alone. It is highly probable that, in an Earlier world, 
more powerful emanations of carbome acid g4s, Uended with 
the atmosphere, must have increased the assihiHation of oiir- 
bon in vegetables, and that an inexhaustible supply <€ eortt- 
bustible matter (lignites and carbonif^us feiiUations) must 
have been thus buried in the upper strata of iSie earth by the 
revolutions att^iding the destruction df vast iriets of taresi. 
We Hkewise perceive that the destiny of mankind is in part 
dependent on me formation of thcJ eitctnal iSuffkde of the earth, 
the direction of mountain tracts and high lands, and oh the 
distribution of elevated continents. It is thus granted to the 
inqnii^g imnd to pass from link io link along the chain of 
phenomena until it reaches the period When, in the soHdifymg 
process of our planet, and in its first transition from the gas- 
eous form to tl:^ agglomeration of matter, that portion of the 
iimer heat of the Earth was developed, which does ^t6t belong 
to the action of the Sun. 

• [See Mantell'a Wonden of Oeolofy, 1848, vol. i., p. ^1, 3^, 105; 
also Lyell's Principle* of Oeology, vol. li., and Daabeney Oti Voleahoei, 
2d ed., 1848, Pait ii., ch. xxxii., xxxiii. ]—rr. 
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In order to give a general delineation of the causal con-" 
nection of geognostical phenomena, we will begin with those 
whose chief characteristic is dynamic, consisting in motion 
and in change in space. Earthquakes manifest themselves 
by quick and succeoiive vertical, or horizontal, or rotatory vi- 
brations.* In the very considerable number of earthquakes 
which I have experienced in both hemispheres, alike on land 
and at sea, the two first-named kinds of motion have often ap> 
peared to me to occur simultaneously. The mine-like explo- 
sion — the vertical action from below upward — ^was most strik- 
ingly manifested in the overthrow of the town of Riobamba 
in 1797, when the bodies of many of the inhabitants were 
found to have been hurled tp CuUca, a hill several hundred 
feet in height, and on the opposite side of the E.iver Lican. 
The propagation is BQost generally effected by undulations in 
a linear direction,! with a velocity of jfrom twenty to twenty- 
eight miles in a minute, but partly in circles of commotion or 
large eUipses, in which the vibrations are propagated with 
decreasing intensity from a center toward the circumference. 
There are districts exposed to the action of two intersecting 
circles of commotion. In Northern Asia, where the Father 
of History ,i and subsequently Theophylactus Simocatta,§ de- 
scribed the districts of Scythia as free from earthquakes, I 
have observed the metalliferous portion of the Altai Mount- 
ains under the influence of a two-fold focus of commotion, the 
Lake of Baikal, and the volcano of the Celestial Mountain 
(Thianschan).ll When the circles of commotion intersect one 
another — ^when, for instance, an elevated plain lies between 
two volcanoes simultaneously in a state of eruption, several 
wave-systems may exist together, as in fluids, and not mu- 
tually disturb one another. We may even suppose interfer- 

* [See Daubeney 0« Volcanoes, 2d ed., 1848, p. 509.]— Tr. 

+ [On the linear direction of earthquakes, see Daubeney On Volca- 
noe«, p. 515.]— TV. 

t Herod, iv., 28. The prostration of the colossal statue of Memnon, 
which has been again restored (Letronne, La Statue Vocale <?e Afemwon, 
1835, p. 25, 26), presents a fact in opposition to the ancient prejudice 
that Egypt is free from earthquakes (Pliny, ii., 80) ; but the valley of 
the Nile does lie external to the circle of commotion of Byzantium, the 
Archipelago, and Syria (Ideler ad Aristot, Meteor., p. 584). 

$ Saint-Martin, in tiiie learned notes to Lebeau, Hist, du Bat Empire, 
t. IX., p. 401. 

li Humboldt, A»ieC&Urale, t. ii., p. 110-118. In regard to the dif- 
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ference between agitation of the surfece and of the strata lying beneath 
Iho^ ^*y-^«ssac, in the Annates de Chimie et de Physique, t. x*ii.,p. 
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ence to esaei here, as in the mterseeting waves of sound. The 
extent of the propagated waves of commotion will be increased 
on the upper surface of the earth, according to the general law 
of mechanics,, by which, on the transmission of motion in elas- 
tic bodies, the stratum lying firee on the one side endeavors to 
separate itself from the other strata. 

Waves of commotion have been investigated by means of 
the pendulum and the seismometer* with tolerable accuracy in 
respect to their direction and total intensity, but by no means 
with reference to the internal nature of their alternations and 
their periodic intumescence. In the city of Quito, which lies 
at the foot of a still active volcano (the Rucu Pichincha), 
and at an elevation of 9540 feet above the level of the sea, 
which has beautiful cupolas, high vaulted churches, and mass- 
ive edifices of several stories, I have often been astonished 
that the violence of the nocturnal earthquakes so seldom 
causes Essures in the walls, while in the Peruvian plains os- 
cillations apparently much less intense injure low reed cot- 
tages. The natives, who have experienced many hundred 
earthquakes, believe that the difierence depends less upon the 
length or shortness of the waves, and the slowness or rapidity 
of the horizontal vibrations^f than on the uniformity of the 
motion in opposite directions. The circling rotatory commo- 
ttons are the most uncommon, but, at the same time, the most 
dangerous. Walls were observed to be twisted, but not thrown 
down ; rows of trees turned from their previous parallel direc- 

* [ThiB inBtrament, in its simplest form, consists merely of a basin 
fiUed ^th 6om6 viscid hqaid, which, on the occurrence of a shock of 
an earthquake of sufficient force to disturb the equilibrium of the 
buildiujg in which it is placed, is tilted on one side, and the liquid made 
to rise m the same direction, thus showing by its height the degree of 
the disturbance. Professor J. Forbes has invented an instrument of 
this nature, although on a greatly improved plan. It consists of a vert- 
ical metal rod, havmg a ball oC^lead movable upon it It is supported 
upon a cylindrical steel wire, which may be compressed at pleasure by 
means of a screw. A lateral movement, such as that of an earthquake, 
which carries forward the base of the instrument, can only act upon the . 
ball through the medium of the elasticity of the wire, and the direction 
of the displacement will be indicated by the plane of vibration of the 
pendulum. A self-registering apparatus is attached to the machine. 
Bee Professor J. Forbes's account of his invention in Edinb. PkiL Trans. , 
vol. XV., Part i.]— Tr. 

t ** Tudi^simum est cam vibrat crispante aedificiorum crepitu ; et cum 
intnmescit assurgens altemo(]ue motu residet, innozium et cum concur- 
rent! a tecta contrario ictu arietant ; quoniam alter motus alteri renititur. 
Undantis inclinatio et fluctus more queedam volutatio infesta est, aut cum 
in unara partem totus se motus impellit."— Plin., ii., 82. 
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tion ; and fields covered ^th different kinds of plants found 
to be displaced in the greit earthquake df Riobamba, in the 
province of Quito, on thd 4th of February, 1797, and in that 
of Calabria, between the 5th of February and the 28th of 
March, 1783. The phenomenon of the inversion or displace- 
ment of fields and pieces of land, by whidh one is made to oc- 
cupy the place of another, is connected with a ttanslatoiy mo- 
tion or penetration of separate terrestrial strata. When I 
made the plan of the ruined towh of tliobamba, ohe particu- 
lar spot was pointed out to me, wher6 all the furniture of one 
house had been found under the ruins of anothe]^. The loose 
earth had evidently moved like a fluid ill currents, V(rhich must 
be assumed to have been directed first do\t^iiward, then hori- 
zontally, and lastly upward. It was found hecefisary to ap- 
peal to the Audienda, or Council of Justice, to decide upon 
the contentions that arose regarding the proprietorship bf ob- 
jects that had been removed to a distance of many hundred 
toises. 

In countries where earthquake! a*e cofoparsitively of mueh 
less frequent occurreni^ (as, for instance, in Southern Europe), 
a very general belief prevails, although unsupported by thfe 
authority of inductive reasoning,* that a calm, an oppressive 

* Even in Ita]y they have began to observe that earth^nakeB are an- 
connected with the state of the weather, that is to say, with the app^or- 
toce of the heavens immediately before the shock. The nmnericu re- 
sults of Friedrich Hoffl&tnn (mMm-lanetU W^ke^ bd. ii., 36&*3r5) ex- 
actly correspond with the experience of Uie Abbate Scina of Paleimo. 
I have myself several times observed reddish clouds on the day of an 
earthquake, and shortly before it ; on the 4th of November, 1799,^ I ex- 
perienced two sharp shocks at the moment of a loud clap of thunder. 
{Relae. HUi.i liv. iv., chap. 10.) The Turin physicist, VassatU Eaadi, 
observed Volta's electrometer to be stt-ongly itgifated during the pro- 
tracted earthquake of Pignerol, which lasted from the 2d of Apru to 
the 17th of May, 1808; Journal ds Physique, t. livii., p. 291. But 
these indications presented by clouds, by modifications of atmospheric 
electricity, or by calms, can not be regl&ded as generally qt necessarily 
connected with earthquakes, sincie in Quito, Peru, and Chili, as weU 
as in Canada and Italy, many earthquakes are observed along with the 
purest and clearest skies, and with the freshest land and sea breezes. 
But if no meteorological phenomenon indicates the coming earthquake 
either on the morning of the shock or a ftw days previously, the iaflu- 
ence of certain periods of the jeaar (the vernal and autumnal eqoinoies), 
the commencement of the rainy season in the tropics after long drought, 
and the change of the monsoons, (according to general belief), can not 
be overlooked, even though the genetic connection of meteorological 
processes with those going on in the interior of our globe is still envel- 
oped in obscurity. Numerical inquiries on the distribution of earth* 
quakes throughout the course of the year, such as those of Von Hoff, 
Peter Merian, and Friedrich Hoffmann, bear testimony to their Ir6qu6nc^ 
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heat, o^ a misty k^ri^on, ktB kly^yti the ^remhi^drs bf this 
phenoknenoki. The fallacy o^ this popular opinitm is not only 
refuted hy my own expenenoe, hut hkewise hy the ohservations 
of all those who hare lived m«iny years in districts where, as 
in Gumana) Quito, Peru, and Chili, the earth is frequently 
and violently ligitated. I havB felt eiirthquakes in elear air 
and dL fresh east wind, as Well ad in rain and thunder storms. 
The regularity of the hor&ty cihanges in the declinatibn of the 
magnetio needle and in the atmosph^Me pressut^ Remained nn- 
disturhed between the tropics tm the days When earthquakes 
occHrred^* These facts agree with the ohsei^ations tnade by 
Adolph Erman (in the temperate aK^ne, on the 8th of March, 
1829) on the occasioa of an earthquake at Irkutsk, neftr the 
laake of Baikal. During the violent earthquake of Cumana, 
on the 4th of November, 1799, I feand the declination and 
the intensity cff the magnetic ^rce alike unchanged, but, to 
my surprise, the inclination of the needle was diminished about 
4@'.f There was no ground to suspect an error in the calcu- 
lation, and yet, in the many other earthquakes which I have 
experienced on the elevated plateaux of Quito and Lima, the 
inclination lus well as the olher elements of terrestrial mag- 
netism ranained always unchanged; Although, in general, 
the processes at work within the interior of the earth may not 
be announced by any meteorological phenomena ot any special 
appearance of the sky, it is, on the contrlkry, not improbable, 
as we shall soon see, that in eases of violent earthquakes seme 
e^ct may be imparted to the Atmosphere, in consequence of 
which they can not always act in a purely dynamic manner. 

at the periods of the equinozeB. It is nngalar that PUnf, at the ead of 
his fancifal theory of earthquakes, names the entire frightfal phenom* 
eoon a subterranean storm ; not so much in consequence of the roUiog 
doond which frequently accompanies the shock, as because the elastic 
forces, eoncnssive by theif tension^ accumulate in the interior of &e 
ecuth when they are absent in the atmosphere ! " Ventos in causa esse 
non dubium reor. Neque enim nnquam intremiscunt terre, nisi sopito 
man, ooeloque adeo tranquillo, ut yoiatus avium non pendeant, subtracto 
omni spiritu qui vefait; nee unquam nisi post ventos conditos, scilicet 
in venas et cavemas ejns ooculto affiatu. Neque aliad est in terra 
tremor, qwrn in nube tonitruum ; neo hiatus ahud qnam cum fulmen 
erumpit, mcluso spiritu luctante et ad libertatem ezire nitente." (Plin., 
fi., 79.) The germs of almost every thing that has been observed or 
Imagined on the causes of earthquakes, up to the present day, may be 
found in Seneca, Nat. Qnati., vi., 4-31. 

* I have given proof that the course of the horary variations of the 
barometer is not afected before or after earthquakes, in my R^at, Hist.^ 
t i., p. 311 and 513. 

t Homboldt, RekU. Hui., t. i., p. 515-517. 
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Daring the long-continQed tremUing of the groirnd in the 
Piedmontese valleys of Pelis and Clusson, the greatest changes 
in the electric tension of the atmosphere were observed while 
the sky was cloudless. The intensity of the hollow noise which 
generally accompanies an earthquake does not increase in the 
same degree as the force of the oscillations. I have ascertain- 
ed with certainty that the great shock of the earthquake of 
Riobamba (4th Feb., 1797)-— one of the most fearful phenom- 
ena recorded in the physieiGd history of our planet — ^was not 
accompanied by any noise whatever. The tremendous noise 
{d gran ruido) which was heard below the soil of the cities 
of Quito and Ibarra, but not at Tacunga and Hambato, neai> 
er the center of the motion, occurred between eighteen «id 
twenty minutes after the actual catastrophe. In the cele- 
brated earthquake of Lima and Callao (28th of October, 
1746), a noise resembling a subterranean thunder*clap was 
heard at Truxillo a quarter of an hour after the shock, and 
imaccompanied by any trembling of the ground. In like 
manner, long after the great earthquake in New Granada, on 
the 16th of November, 1827, described by Boussingault, sub- 
terranean detonations were heard in the whole valley of Cauca 
during twenty or thirty seconds, unattended by motion. The 
nature of the noise varies also very much, being either rolling, 
or rustling, or danking like chains when moved, or like near 
thunder, as, for instance, in the. city of Quito ; or, Ifiwtly, clear 
and ringing, as if obsidian or some other vitrified masses were 
struck in subterranean cavities. As sdid bodies are excellent 
conductors of sound, which is propagated in burned day, for 
instance, ten or twelve times quicker than in the air, the sub- 
terranean noise may be heard at a great distance from the 
place where it has originated. In Caraccas, in the grassy 
plains of Calabozo, and on the banks of the Rio Apure, which 
falls into the Orinoco, a tremendously loud noise, resembling 
thunder, was heard, unaccompanied by an earthquake, over 
a district of land 9200 square miles in extent, on the 30 th of 
April, 1815, while at a distance of 632 miles to the north- 
east, the volcano of St. Vincent, in the small Antilles, poured 
forth a copious stream of lava. With respect to distance, this 
was as if an eruption of Vesuvius had been heard in the north 
of France. In the year 1744, on the great eruption of the 
volcano of Cotopaxi, subterranean noises, resembling the dis- 
charge of cannon, were heard in Honda, on the Magdalena 
River. The crater of Cotopaxi lies not only 18,000 feet high- 
er than Honda, but these two points are separated by the cb- 
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kssal moimtaui chain of Quito, Pasto, and Popayan, lio less 
than by numerous valleys and clefts, and they are 436 miles 
apart. The sound was certainly not propagated through the 
air, but through the earth, and at a great depth. During the 
violent earthquake of New Granada, in February, 1835, sub- 
terranean thunder was heard simultaneously at Popayan, Bo- 
gota, Santa Marta, and Caraccas (where it continued for seven 
hours without any movement of the ground), in Haiti, Jamai 
ca, and <hi the Lake of Nicaragua. 

These phenomena of sound, when unattended by any per- 
ceptible shocks, produce a peculiarly deep impression even on 
persons who have lived in countries where the earth has been 
frequently exposed to shocks. A striking and unparalleled in- 
stance of uninterrupted subterranean noise, imaccompanied by 
any trace of an earthquake, is the phenomenon known in the 
Mexican elevated plateaux by the name of the '* roaring and 
the subterranean thunder" {brannidos y truenos subterraneas) 
of Guanaxuato.* This celebrated and rich mountain city 
Ues fax removed from any active volcano. The noise began 
about midnight on the 9th of January, 1784, and continued 
for a month. I have been enabled to give a circumstantial 

* On the hramidoi of Guanaxaato, see my Essai Polit, tur la Nouv, 
EMpagnCf t. i., p. 303. The sabterraneaii noise, unaccompanied vvith 
ax^ appreciable shock, in the deep mines and on the sorface (the town 
of Goanaxuato lies 6830 feet above the level of the sea), was not heard 
in the neighboring elevated plains, but only in the mountainous parts 
of the Sierra, from the Cuesta de los Aguilares, near Marfil, to the north 
of Santa Rosa. There were individual parts of the Sierra 24-*28 miles 
northwest of Gnanazuato, to the other side of Ohichimequillo, near the 
boiling spring of San Jos6 de Comai^illas, to which the waves of sound 
did not extend. Extremely stringent measures were adopted by the 
magistrates of the large mountain towns on the 14th of January, 1784, 
when the terror produced by these subterranean thunders was at its 
height. '* The flight of a wealthy fiimily shall be punished with a fine 
of 1000 piasters, and that of a poor family with two months' imprison- 
ment. The militia shall bring back the fugitives."^ One of the most 
remarkable points about the whole affair is the opinion which the mag- 
istrates (el cabildo) cherished of their own superior knowledge. In 
one of their proeUmaa,! find the expression, ** The magistrates, m their 
wisdom (en su sabiduria), will at once know when there is actual dan- 
ger, and will give orders for flight; for the present, let processions be 
instituted." The terror excited by the tremor gave rise to a famine, 
since it prevented the importation of com from the table-lands, where 
it abounded. The ancients were also aware that noises sometimes ex- 
isted without earthquakes.— Aristot., Meteor,, ii., p. 802; Flin., ii., 80. 
Tho singular noise that was heard from March, 1822, to September. 
1824, in the Dalmatian island Meleda (sixteen miles from Ragusa), and 
on which Partsch has tibrown much light, was occanonally accompanied 
hy shocks. 
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d«lcrii>tioii of it Ifrota^ the ^tepati of intny "vvitnjdMH, atid fitW 
the docomaitB of llie munioipality, of which I was iiUo^ed to 
make xae. Fror^ the I3th to the 16th of J^iiairy, it seemed 
to the inhabitants as if hta,ry t^iouds lay beneath theiar feet, 
from which issaed alternate riow rolling iM>unds and short, 
qnick claps of thunder. The noisd abated tA gradually as it 
had beguh. It was limited to a small spaic^, fiuid was not 
heard in a basaltic district at the distance of a few niiles. 
Almost all the inhabitants, In tenor, left th^ city, ih which 
large masses of silver ingots ^ere stored ; but the most cour- 
ageous, and those tnore aidcustdmed to siibterrimean thunder, 
soon returned, in order to drive off the bands of rol^rs who 
h&d attempted to possess themselves of the treasures oi the 
city. Neither on the surface of the eatth, nor in mines 1600 
feet in depth, Was the slightest shock to be perceived. No 
similar noite had ever befeie been heard on the elevated table- 
land of Mexico, nor had this teniilc phenomenon since occurred 
there. Thus clefk are opened or closed in the interior of the 
earth, by whidi waves of sound penetrate to us or ate impeded 
in their propagation. 

The activity of ah igneous inountaih, hoinrever terrific and 
picturesque the spectacle may be which it presents to our con- 
templation, is always limited to a very small space. It is far 
otherwise with earthquakes, which, feilthough scarcely per- 
ceptible to the eye, nevertheless Simultaneously propagate their 
waves to a distance of many thousand miles. The great 
earthquake which destroyed the city of Lisbon on the 1st of 
November, 1766, and whose e^cts were so admirably investi- 
gated by the distinguished philosopher Emmanuel Kant, was 
felt in the Alps, on the coast of Sweden, in the AntiDes, An- 
tigua, Barbadoes, and Martinique ; in the great Canadian 
Lakes, in Thuringia, in the flat country of Northern Ger- 
many, and in the small inland kkes on the shores of the Bal- 
tic* Remote springs ivere interrupted in their flow, a phe- 
nomenon attending eaniiquakes which had been noticed among 
the ancients by Demetrius the Gallatiaft. The hot Springs of 
Toplitz dried up, and returned, inundating eveiy thing around, 
and having their waters colored with iron ocher. In Cadiz 

* tit has been computed that the shock of thii9 earthquake pervaded 
an area of 700,000 miles, or the twelfth part of the circumference of the 
globe. This dreadfol riiock lasted only five hiinutes : it happened about 
nine o'clock in the momine of the Feast of All Saints, when almost the 
whole population was within the churches, owing to which circum- 
stance no less than 30,000 persons perished by the mil of these edifibes. 
See Daubeney On Voleanoe$t p. 514-517.]*-rr. 
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the sea tose to an eleratiob. of sixty-four feet, while iti th^ Atr- 
tiiles, where the tide usually rises only from twe&ty^six to 
twenty-eight inches, it sudd^ly rose ahove twenty feel, th^ 
water being of an inky blackness. It has been comjmted that 
on the 1st of November, 17^^^ & portion o£ the £ar1^*s sur- 
&ce, four times greats than iJbat of Europe, wss Simultane- 
ously shaken. As yet there is no manifestation of foftie kHo wtl 
to us, including even the murd^^ous iaventicms of oiir own 
race, by whioh a greater number of peo)^e have beeft killed in 
the short space of a few minutes : sixty thousand %ete de- 
stroywi in Sicily in 1693, from thirty to forty thousand in the 
earthquake tef Riobamba in 1797, and probably five times ieis 
many in Asia Minor sad Syria) under Tiberius and JustimiLft 
the elder) about the years 19 and 526. 

There are instances in whieh the earth h»l been shakeh ^r 
many succea^re days in the ehbin of the Andes in South 
America, but I am only acquainted with the fbllowing cases 
in which shoeks that htive been felt almost every hour for 
months together have occurted far from any volcaiio, as, for 
instance, on the eastern declivity of the Alpine 6hain of Mount 
Cenis, at Fenestrelles and Pignerol, from April, 1808 ; be- 
tween New Madrid and Little Prairie,* horth of Cincinnati, 
in the United States of America, in December, 1811, as well 
as through the whole winter of 1812 j.and in the Paehalik of 
Aleppo, in the months of August and September, 1822. AjB 
the mass of the people are seldom able to rise to general views, 
"find are consequently alwtiys disposed tb ascribe great phe- 
nomena to local telluric and atmospheric proeesses, wherever - 
the shaking of the earth is continued for a long time, feats of 
the eruption of a new volcano are awakened. In soihe few 
eases, this apprehension has certainly proved to be well gtound* 
^, as, for instance, in the sudden elevation of volcanic islands, 
and as we see in the elevation t)f the Volcaiib of JoruUo, a 
mountain elevated 1684 feet above the ancient level of the 
neighboring plain, on the 29th of September, 1759, after ninety 
days of earthquake and subterranean thundeJr. 

If we could obtain information regarding the daily condi- 
tion of alllhie earth^s surfex^, we should probably discover that 
the earth is almost always undergoing shocks at some point 
of its superficies, and i6 contintially influenced by th6 reaction 

♦ Drake, jyfdf. and Stolid. Viea of Cincinnati, p. 232-238; Mitchell, 
in the Traniactioni of the Lit. and PkUoi, Sot. of New York^ vol. i., p. 
2^1-308. In the Ptedinoiitese county of Pignerol, glasses of water, fiUed 
to the very brim, exhibited for hours a continuous motion. 
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of the intonor on the exterior. The freqneney and general 
prevolenoe of a phenomenoa which is probably dependent on 
the raised temperature of the deepest molten strata explain 
its ind^ndenee of the nature of the mineral masses in which 
it manifests itself. Earthquakes hare even been felt in the 
loose alluvial strata of Holland, as in the neighborhood of Mid- 
dlebuig and Vliessingen on the 23d of February, 1 828. Gran- 
ite and mica slate are shaken as well as limestone and sand- 
stone, or as trachyte and amygdaloid. It is not, therefore, the 
chemical nature of the constituents, but rather the mechanical 
structure of the rocks, which modifies the propagation of the 
motion, the wave of commotion. Where this wave proceeds 
along a coast, or at the foot and in the direction of a mountain 
chain, interruptions at certain points have sometimes been re* 
marked, which manifested themselves during the course of 
many centuries. The undulation advances in the depths be- 
low, but is never felt at the same points on the surface. The 
Peruvians* say of these unmov^ upper strata that " they 
form a bridge." As the moimtain chains appear to be raised 
on fissures, the walls of the cavities may perhaps favor the di- 
rection of undulations parallel to them; occasionally, however, 
the waves of commotion intersect several chains almost per 
pendicularly. Thus we see them simultaneously breaking 
through the littoral chain of Venezuela and the Sierra Parime. 
In Asia, shocks of earthquakes have been propagated from 
Lahore and from the foot of the Himalaya (22d of January, 
1832) transversely across the chain of the Hindoo Chou tos 
Badakschan, the upper Oxus, and even to Bokhara. f The 
circles of commotion unfortunately expand occasionally in con- 
sequence of a single and unusually violent earthquake. It is 
only since the destruction of Cumana, on the 14th of Decem- 
ber, 1797, that shocks on the southern coast have been felt in 
the mica slate rocks of the peninsula of Maniquarez, situated 
opposite to the chalk hills of the main land. The advance 

* In Spanish they say, Toea$ que haeen puehie. With this phenome- 
non of non-propagation through soperior strata is connected the remark- 
able fact that m the beginning of this centary shocks were felt in the 
deep silver mines 8t Mariebberg, in the Saxony mining district, while 
not the slightest trace was perceptible at the surface. The miners 
ascended in a state of alarm. Conversely, the workmen in the mines 
of Falun and Fersberg felt nothing of the shocks which in November, 
1823, spread dismay among the inhabitants above ground. 

t Sir Alex. Burnes, Travels in Bokhara, vol. i., p. 18; aqd Wathen, 
Mem. on ike UsbekStctte, in the Journal of the Atiatic Soeiety of Bengal, 
vol. iii., p. 337. 
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from south to north was very striking in the ahnost iminter- 
rupted undulations of the soil in the alluvial valleys of the Mis- 
sissippi, the Arkansas, and the Ohio, from 1811tol813. It 
seemed here as if subterranean obstacles were gradually over- 
come, and that the way being once opened, the undulatory 
movement could be freely propagated. 

Although earthquakes appear at first sight to be simply dy- 
namic phenomena of motion, we yet discover, from well-at- 
tested facts, that they are not only able to elevate a whole dis- 
trict above its ancient level (as, for instance, the UUa Bund, 
after the earthquake of Cutch, in June, 1819, east of the 
Delta of the Indus, or the coast of Chili, in November, 1822), 
but we also find that various substances have been ejected dur- 
ing the earthquake, as hot water at Catania in 1818 ; hot 
steam at New Madrid, in the Valley of the Mississippi, in 
1812 ; irrespirable gases, Mofettes, which injured the flocks 
grazing ia the chain of the Andes ; mud, black smoke, and 
even flames, at Messina in 1781, and at Cumana on the 14th 
of November, 1797. During the great earthquake of Lisbon, 
on the Ist of November, 1765, flames and columns of smoke 
were seen to rise from a newly-formed fissure in the rock of 
Aividras, near the city. The smoke in this case became more 
dense as the subterranean noise increased in intensity."*^ At 
the destruction of Riobamba, in the year 1797, when the 
shocks were not attended by any outbreak of the neighboring 
volcano, a singular mass called the Moya was uplifted from 
the earth in numerous continuous conical elevations, the whole 
being composed of carbon, crystals of augite, and the silicions 
shields of infusoria. The eruption of carbonic acid gas from 
fissures in the Valley of the Magdalene, during the earthquake 
of New Granada, on the 16th of November, 1827, sufibcated 
many snakes, rats, and other animals. Sudden changes of 
weather, as the occurrence of the rainy season in the tropics, 
at an unusual period of the year, have sometimes succeeded 
violent earthquakes in Quito and Peru. Do gaseous fluids rise 
from the interior of the earth, and mix with the atmosphere 1 
or are these meteorological processes the action of atmospheric 
electricity .disturbed by the earthquake ? In the tropical re- 
gions of America, where scnnetimes not a drop of rain falls for 
ten months together, the natives consider the repeated shocks 
of earthquakes, which do not ^idanger the low reed huts, as 
auspicious harbingers of fruitfulness and abundant rain. 

* PkUo9, Traiuact., voL xlix., p. 414. 
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The intimate oomie^tion of the phenomona which we ha^re 
considered is still hidden in obsciuity. Elastic fluids are doubt- 
lessly the cause of the slight and perfectly harmless trembling 
of the earth's surface, which has oflen continued several days 
(as is^ 1816, at Scaccia, in Sicily, before the volcanic eleva- 
tion of the island of Julia)« as well as of the temflc explosions 
aocompanied by loud noise. The focus of this destructive agent, 
the seat of the moving force, lies far below the earth^s surface ; 
but we know as little of the extent of this depth as we know 
of the chemical nature of these vapors that are so highly com- 
pressed. At the edges of two craters, Vesuvius, and the tow- 
ering rock which projects beyond the great abyss of Pichin- 
cha, near Quito, I have felt periodic and very regular shocks of 
earthquakes, on each occasion from 20 to 30 seconds hefore 
the burning scori» or gases were erupted. The intensity of 
the shocks was increased in proportion to the time interven- 
ing between them, and, consequently, to the length of time 
in whioh the vapors were accumulating. This simple fact, 
which has been attested by the evidence of so many travelers, 
fiirriishes us with a general solution of the phenomenon, in 
showing that active volcanoes are to be considered as safety- 
valves fox the immediate neighborhood. The danger of earth- 
quakes increases when the openings of the volcano are closed, 
and deprived of free communication with the atmosphere ; but 
the destruction of Lisbon, of Caraccafi, of Lima, of Cashmir in 
1554,* and of so many cities of Calabria^ Syria, and Asia Mi- 
uor^ diows us, on the whole, that the force of the shock is not 
the greatest in the neighborhood, pf active volcanoes. 

As the impeded activity of the volca^w acts upon the shocks 
of the earth's surface, so do the latter react on the volcanic 
phenomena. C^ning^ of fissures fa,vor the rising of cones of 
eruption, an4 the processies which take place in these cones, 
by forming a free communication with the atmosphere. A 
column of smoke, which had been observed to rise for months 
together from the volcano of Paste, in Soutb America, sud- 
denly disappeared, when, on the 4th of February, 1797, the 
province of Quito, situated at a distance of 192 miles to the 
south, sufiered from the great earthquake of Kiobamba. After 
the earth had continued to tremble for some time, through- 
out the whole of Syria, in the Cyclades, and in, i^nboea, the 
shocks suddenly ceaped. on the eruption of a stream of hot mud 

* On the fireqneiicy of earthqaakes m Oasbmir, see* TioyeD'ft Oerauui 
traiwktioii of the ancient Radjataringinit vol. ii., p. 297, and Carl v. 
HQgel, ReUeUf bd. H., «. 184. 



Digitized by VjOOQ IC 



QH ti^Qi L^a^ttiae plains neay Chalcis^* . Tb^ intoltigeK^t gw)g- 
r^ph^of .^^sea, to whom we a^ indebted fiw th»iiotioeof 
1^ii» circijtf^ft^noe, ifurther reo^k^ : ^' Sia^e. tM c?«^8 ^f ^ttia 
have been c^ne^l, which, yield a passage to the escape of iire, 
^i^d siifkcebunuAg maws a)gid watei^ haycf been ejected, tl^^ oouor 
txy near the searshove has; not be^ so xnuoh shaken as at tha 
time pseyioua to the separation of Sieily from Low^ Italy, Mfhen 
ajl coxommupationa with the external surface w«¥ie closed-" 

We thus recognise in earthquakes tl;^ ^sgstence of a vol- 
canic force, whidi, although eyery wh^re maxufested^ and nfi^ 
Knerally difiused as the internal heat o{ oi^ planet, attaiva 
it rarely, and then only at 8epara,te ppi^ts, sufl^cient intenai^ 
to exhibit the phenomenon of er^ptio^a. The £)nnation of 
yeuiui, that ia to say, the filling up of fissures with crystalline 
{nasses bursting forth fi^m the i^t^rior (a^ basalt, melaphyre, 
and greenstone), gradually disturbs the free intereommuEica* 
' tion of elastic vapors^ This tension acts in three difierent 
ways, either in causing disrupticw^, or si^den and retroversed 
elevations, or, finally, as was first observed in a^ great pa?t of 
Sweden, in producing Qhangas in the relative leyel of the sea 
and land, which, although continuous, are only appxec^^bl^ at 
intervals of long period. 

Befo];e we leave the important phenomena wh^h wo have 
considered, not so mi^ in, their individual chaxacteci^tiics as 
in th^r general physica»l and geognosti<^ relations^ I would 
advert to the deep and j^uUar impression left on tha mind by 
the fin^ earthquake whiph wq eigpeide^ce, even where it is npt 
attended by any subteria^aa Aoise.t This impo^esfiion ia nott 

* Stnibo,.lib* i., p. 100, Casanb* That the expression tr^Aot) diairi^ 
pov iroTofidv does not mean erupted mad, bat lava, is obvious from a 
passage in 8tnbo, lib. vi., p. 419. OompaP» Waher, m his Abtuthme der 
VulktMychen Tkdiigkeit m Hi^frrUqhm ik^tefK (Ob liw P«»v«S8e of Vol* 
Qanio Activity daring Uistoncal Ximea), 1844, a. 25. 

t [Dr. Tschadi, in his interesting work, Travel^ in J^&ruj translated 
from' the Oerman by Tfaomasiiui Boss, p. ifO, 1847, describes striking- 
ly tks effect of an earthquake upon tbi. native and waou th» stuanger. 
** No fa^ailiarity with the p^nomenon can blunt this leeljog. The in- 
habitant of Lima, who from childhood has firequen^ witnessed these 
oonyulsions of nature, ia rouied from his sleep by the shock* and rushes 
from his apartment \vith the cry oC Miurieordia ! The fopeigx^BV from 
the north of Europe, who knowanothmg of earthquali^abatby descrip 
tion, waits with impatience to feel the movement of'tfaie earth, and k>ng9 
to hear with his own ear the subterranean souadi which he haa hitherto 
considered fabulous. With levity he treatjB the apprehension of a oom- 
in^ convulsion, and laughs at tlie fears of the natives ; but, aa so<m as hi^ 
wish is gratified, ho ia t^ror-strickenv ^ ia iovo\untarily prompted to 
«eek safety ia flight.">^.rr. 
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in my opimon, the result of a lecollection of those fearfbl pio* 
tares of devastation presented to our imaginations by the hi»' 
torical narratives of the past, but is rather due to the sudden 
revelation of the delusive nature of the inherent faith by whicli 
we had clung to a belief in the imipaobility of the solid parts 
of the earth. We are accustomed from early childho^ to 
draw a contrast between the' mobility of water and the im- 
mobility of the soil on which we tread ; and this feeling is con- 
firmed by the evidence of our senses. When, therefore, we 
suddenly feel the ground move beneath us, a mysterious and 
natural force, with which we are previously unacquainted, is 
revealed to us as an active disturbance of stability. A moment 
destroys the illusion of a whole life ; our deceptive faith in the 
repose of nature vanishes, and we feel transported, atf it were, 
into a realm of unknown destructive forces. £v^ sound — 
the faintest motion in the air — arrests our attention, and we , 
no longer trust the ground on which we stand. Animals, es- 
pecially dogs and swine, participate in the same anxious dis- 
quietude ; and even the crocodiles of the Orinoco, which are 
at other times as dumb as our Uttle lizards, leave the trem- 
bling bed of the river, and run with loud cries into the adjacent 
forests. 

To man the earthquake conveys an idea of some universal 
and unlimited danger. We may flee from the crater of a vol- 
cano in active eruption, or from the dwelling whose destruc- 
tion is threatened by the approach of the lava stream ; but in 
an earthquake, direct our flight whithersoever we will, we still 
feel as if we trod upon the very focus of destruction. This con- 
dition of the mind is not of long duration, although it takes its 
origin in the deepest recesses of our nature; and when a se- 
ries of faint shocks succeed one another, the inhabitants of the 
country soon lose every trace of fear. On the coasts of Peru, 
where rain and hail are unknown, no less than the rolling 
thunder and the flashing lightning, these luminous explosions 
of the atmosphere axe replaced by the subterranean noises 
which accompany earthquakes.* Long habit, and the very 

* [" Along the whole coast of Pera the atmosphere is almost uni- 
formly in a state of repose. It is not illominated by the lightning's flash, 
or disturbed by the roar of the thunder ; no deluges of rain, no fierce 
hurricanes, destroy the fruits of the fields, and vrim them the hopes of 
the husbandman. But the mildness of the elements above ground is 
frightfully^ counterballmced by their subterranean fury. Lima is fre- 
quently visited by earthquakes, and several times the city has been 
fednced to a mass of ruins. At an average, forty-five shocks may be 
counted on in the year. Most of them occur in the latter part of Octo- 
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pievalent opmion that dangerotus ehpcks are ouly to be appie- 
hended two or three times in the course of a century, cause 
faint oscillations of the soil to be regarded in Lima with scarce- 
ly more attention than a hail storm in the temperate zone. 

Haying thus taken a general view of the activity-*-the 
inner life, as it were — of the Earth, in respect to its internal 
heat, its electro-magnetic tension, its emanation of light at the 
poles, and itis irregularly-recurring phenomena of motion^ we 
will now proceed to the consideration of the material products, 
the chemical chauges in the earth's surface, and the composi- 
tion of the atmosphere, which are all dependent on planetary 
vital activity. We see issue from the groimd steam and 
gaseous carbonic acid, almost always free from the admixture 
of nitrogen ;* carbureted hydrogen gas, which, has been used 
in the Chinese province Sse-tschuanf for several thousand 
years, and recently in the village of Fredonia, in the State of. 
New York, United States, in cooking and for illumination ; 
sulphureted hydrogen gas and sulphurous vapors ; and, more 
rarely ,$ sulphurous and hydrochloric acids. § Such effusions 

ber, in November, December, JanuaiTf May, and Jime. EzperienQo 
gives reason to expect the visitation of two desolating earthquakes in a 
century. The period between the two is from forty to sixty years. The 
most considerable catastrophes experienced in Lima since Europeans 
have visited the west coast of South America happened in the years 
1586, 1630, 1687, 1713, 1746, 1806. There is reason to fear that in the 
course of a few years this city may be the prey of another such visita- 
tion."--Tschudi, op. cit.]— TV. 

* Bischors comprehensive work, Warmehkre dewitmeren Erdkdrpen* 

t On the Artesian fire-springs (Ho^tsing) in China^ and the ancient 
use of portable ^s (in bamboo canes) in the city of Khiung-tshea^ see 
Elaproth, in my Asie CentraUf t. iii., p. 519-530. 

t Boussingamt {Annales de Chimiey t. Iii., p. 181) observed no evolu- 
tion of hydrochloric acid from the volcanoes of New Grsinada, while 
Monticelli found it in enormous quantity in the eruption of Vesuvius in 
1813. 

$ [Of the gaseous compounds of sulphur, one, sulphurous acid, ap- 
pears to predominate chiefly in volcanoes possessing a certain degree 
of activity, while the other, sulphureted hydrogen, has been most fre- 
quently perceived among those in a dormant condition. The occur- 
rence of abundant exhalations of sulphuric acid, v^hich havo been hith- 
erto noticed chiefly in extinct volcanoes, as, for instance, in a stream 
issuing from that of Purac^, between Bogota and Quito, from extinct 
volcanoes in Java, is satisfactorily explained in a recent paper bv M. 
Dumas, AnnaU$ de Chimie, Dec, 1846. He shows that when sulphu- 
reted hydrogen, at a temperature above 100° Fahr., and s^ better 
when near 190°, comes in contact with certain porous bodies, a cata- 
lytic action is set up, by which water, sulphuric acid, and sulphur are 
produced. Hence probably the vast depoMts of sulphur, associated 
with sulphates of lime and strontian, whioh are met with in the 
western parts of Sicily.] — Tr. 

Vol. I.— K. . .. 



Digitized by VjOOQ IC 



Sis cosmos. 

fiom the fiMOres of the earth not only oecnr in the districts 
of gtiil bnniing or long-extinguished Tolcanoes, but they may 
likewiie be observed oceaaionally in districte where neither 
trachyte nor any other Tolcanic rocks are exposed on the 
earth's surfkce. In the ohain of Quindiu I have seen sul- 
phur deposited in mica slate from warm sulphurous vapor 
at an elevation of 6632 feet* above the level of the sea, 
while the same speetes of rock, which was formerly regarded 
as primitive, contains, in the Cerro Cuello, near Trsean, south 
of Quito, an immense deposit of sulphur imbedded in pure 
quarts. 

Exhalations of earbonie acid {mofettes) are even in our days 
to be considered as the most important of all gaseous emana- 
tions, with respect to their number and the amount of their 
effusion. We see in Grermany, in the deep valleys of the 
Eifel, in the neighborhood of the Lake c^ Laaeh,t in the 
crater-like valley of the Wehr and in Western Bohemia, ex- 
halations of caibonic acid gas manifest IhemselveB as the last 
efibrts of vokanic activity in or i^ear the foci of an earlier 
virorid. In those eariier periods, when a higher terrestrial 
temperature existed, and when a great number of fissures 
still z^Qoained unfilled, the processes we have described a(^ed 
more powerfolly, and carbonic acid and hot steam were mixed 
in larger quantities in the atmosphere, £rom whence it fellows, 
as Adolph Brongniart has ingeniously shown,| that the primi- 
tive vegetable vrodd most have exhibited almost every where, 
and independently of geographical positkm, the most luxurious 
abundance and the fullest develojHnent of organism. In these 
constantly warm and damp atmospheric strata, saturated vnth 

* Hamboldt, Reeueil dPObserv. Astnmomique^ t. i., p. 311 XNivdle- 
ment Saromitrique de la CordUlire dts Andea, No. 206). 

t £Tbe liake of Laacb, in the dktrict of the Eifel, is an expa^ of 
water two milefr in circumference. The tiucknees of the Toget^tion on 
the sidea of its crater-like basin renders it difficult to discover the nature 
of the subjacent rock, bat it is probably composed of black cellular 
augitic lava. The sides of ihe crater present nnmerotis k>ose masses, 
which anpear to have been eieoted, and consist of glassy feldspar, ice- 
spar, sodalite, hauyne, spineUane, and lencite. The resemblance be- 
tween these products and the masses formerly ejected from Vesuvius is 
most remarkable. (Dadieney On Voleam>e§yp. 81.) Or. Hibbert re- 
gards the Lake of Laach as formed in the mst instance by a crack 
caused l^r the oooKng of the cnxBt of the earth, which was widened 
aftenvard into a circular cavi^f by the expansive force of elastic vapors* 
See Hi$tory of the Esetimt ToUanoes of^ Bamn of Ueumtdy 1832.] 

— rr. 

t Adolph Braagahaty id Ihe Aaaudf d€§ 8ekMCu NatitrtlU$, t. xy^ 
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earbcMnw acid, yegotatioii must have attained a d<)gr^ of vital 
activity, and derived the superabundance of nutrition neceaeary 
to famish materials for the formation of the beds of lignite 
(coal)» consiitutii^ the inexhaustible means on whieh are based 
the physical power and prosperity of nations. Such masses 
are distributed in basins over certain parts of Europe, occur* 
ring in large quantities in the British Islands, in Belgium, in 
Prauoer in the provinces of the Lower Bhine, and in Upper 
Silesia. At the same primitive period of universal volcanip 
activity, those enonnous quantities of carbon must also have 
escaped from the earth which are contained in limestone 
rocks, and which, if separated from oxygen and reduced to a 
solid form, would constitute about the eighth part lof the ah8o<» 
lute bulk of these mountain masses,* That portion of the 
carbon which was not taken up by alkaline earths^ but re- 
mained mixed with the atmosphere, as carbonic acid, was 
gradually consumed by the vegetation of the earlier stages of 
the world, ^o that the atmosphere, after being purified by the 
processes of vegetable life, only retained the small quantity 
which it now possesses, and which is not injurious to the 
present organization of animal life. Abundant eruptions of 
sulphurous vapor have occasioned the destruction of the spe- 
cies of moUusca and fish which inhabited the inland waters of 
the earlier world, and have given rise to the formation of the 
contorted beds of ^psum, which have doubtless been fre- 
quently afiected by shocks of earthquakes. 

Gaseous and liquid fluids, mud, and molten ea^hs, egected 
from ^e craters of volcanoes, which nae themselves only & 
kind of " intermittent springs,'* rise from the earth under pre- 
cisely analogous physical relations.! All these substances owe 
their temperature and their chemical character to the place 
of their origin. The mean t^np^ature of aqueous springs is 
less than that of the air at the point whence they emerge, if 
the water flow firom a height ; but their heat increases with 
the depth of the strata with which they are in contact at their 
origin. We have already spoken of the numerical law regU" 
lating this increase. The blending of waters that have come 
froin the height of a mountain with those that have sprung . 
from the depths of the earth, rendj» it difficult to determine 
the position of the isogeothemud Ivnest (lines of equal internal 

* Biflcfaof, op. cit, 8. 324, Aum. ^. 
t Humboldt, Aaie CentraU, t. i.,p. 43. 

t On the theory of isogeothermal ^hthonisothermal) lines, eoneult the 
ingemouB labors of Kupffer, in Fogg., AninaUni bd xv., e. 184, and bd. 
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t^nestxial temperature), when this determination is to bd 
made from the temperature of ik>i¥ing springs. Such, at any 
rate, is the result I have arrived at from my own observations 
and those of my fellow-travelers in Northern Asia. The 
temperature of springs, which has become the subject of such 
continuous physical investigation during the last half century, 
depends,, like the elevation of the line of perpetual snow, on 
very many simultaneous and deeply-involved causes. It is a 
function of the temperature of the stratum in which they take 
their rise, of the specific heat of the soil, and of the quantity 
and temperature of the meteoric water,* which is itself dif- 
ferent from the temperature of the lower strata of the atmos- 
phere, according to the difierent modes of its origin in rain, 
snow, or hail.f 

CoM springs can only indicate the mean atmospheric tern*- 

xxxii., «. 270, in the Voyage dans VOural, p. 383-398, and in tbe 
Edinburgh Journal of Science, New Series, vol. iv., p. 355. See, aUo, 
Kamtz, Lehrb. der Meteor., bd. ii., s. 217 ; and, on the ascent of the 
chthoniflothennal lines in mountainous districts, Bischof, s. 174-198. 

* Leop. V. Bach, in Pogg., Annakn, bd. xii., s. 405. 

t On tne temperatore of the drops of rain in Ouraana, which fell to 
72°, when the temperatore of the air shortly before had been 86° and 
88°, and during the rain sank to 74°, see my Relat. Hiat., t. ii., p. 22. 
The rain-drops, while falling, change the normal temperature they 
ori^aUy possessed, which depends on the height of the clouds from 
which they fell, and then: heating on their upper sur&ce by the solar 
rays. The rain-drops, on their first production, have a higher tempera- 
ture than the surrounding medium m the superior strata of our atmos> 
phere, in consequence of the liberation of their latent heat ; and they 
continue to rise in temperature, since, in falling through lower aod 
warmer strata, vapor is precipitated on them, and they thus increase in 
size (Bischof, Wdrmeiekre dee inneren Erdkorpere^ s. 73) ; but this ad- 
ditional heating is compensated for by evaporation. The cooling of the 
air by rain (putting out of the question wiiat probably belongs to the 
electric process in storms) is eTOCted by the drops, which are tiiem- 
selves of lower temperature, in consequence of the cold situation in 
which they were formed, and bring down with them a portion of the 
higher colder air, and which finally, by moistening the ground, give 
rise to evaporation. These, are the ordinary relations of l£e phenome- 
non. When, as occasionally happens, the rain-drops are warmer ^taai 
the lower strata of the atmosphere (Humboldt, Rel, ffiet., t. iii., p. 
513), the cause must probably be sought in higher warmer currents, or 
in a higher temperature of vndely-extended and not very thick clouds, 
from the action of the sun's rays. How, moreover, the phenomenon of 
supplementary rainbows, which are explained b^ the interference of 
light, is connected with the original and increasmg rize of the fatting 
drops, and how an optical phenomenon, if we know how to observe it 
accurately, may enlighten us regarding a meteorological process, ac- 
cording ta diversity of «one, has been shown, with much taient and in- 
genuity, by Arago, in the Annuaire for 1836, p. 300. 
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perature wh^ they are, unmixed with the waters naing from 
great depths^ or descending from oonsiderable mountain eleva^ 
tions, and when they have passed through a long course at a 
depth from the surface of the earth which is equal in our lati- 
tudes to 40 or 60 feet) and, according to Boussingault, to about 
one foot in the equinoctial regions ;* these being the depths at 
which the invariability of the temperature begins in the tem- 
perate and torrid zones, that is to say, the depths at which 
horary, diurnal, and monthly changes of heat in the atmosphere 
cease to be perceived. 

Hot springs issue from the most various kinds of rocks; The 
hottest permanent springs that have hitherto been observed 
are, as my own researches confirm, at a distance from all vol* 
canoes. . I will here advert to a notice in my journal of the 
Agtuis CaUentes de las TrincheraSt in South America, between 
Porto Cabello and Nueva Valencia, and the Agtias de Coman* 
giUas, in the Mexican t^ritory, near Guanaxuato ;- the for- 
mer of these, which issued from granite, had a temperature of 
1 94*^-5 ; the latter, issuing from basalt, 205°-5. The depth 
of the source from whence the water flowed with this temper- 
ature, judging from what we know of the law of the increase 
of heat in the interior, of the earth, was probably 7140 feet, 
or above two miles. If the universally-diflused terrestrial 
heat be the cause of thermal springs, as of active volcanoes, 
the rocks can only exert an influence by their diflerent capaci- 

* The profbund investigations of Boassingault fully convince me, that« 
in the tropics, the temperature of the ground, at a very slight depth, ex- 
actly corresponds with the mean temperature of the air. The follow- 
ing instances are sufficient to illustrate this &ct : ' 



StatMM wifhia Tiap«nt Zow*. 
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■r "p*^ — "" --•- -»*• -«•• 
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The doubts abont the temperature of the earth within the tropics, of 
which I am probably, in some degree, the cause, by my observations 
on the Cave of Oaripe (Cueva del Guacharo), Rd-HUt., t. iii., p. 191- 
196), are resolved by the consideration that I compared the presumed 
mean temperature of the air of the convent of Canpe^ 65°'3, not with 
the temperature of the air of the cave, 65^*6, but with the temperature 
of the subterranean stream, 620-3, although I observed (Rel. HUt^i t. 
iii., p. 146 and 194) that mountain water firom a great height might 
probably be mixed with the water of the cave. 
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tiM for heat and by their oondacthig poweai. The hottest of 
all permanent rorings (between 203^ and 209^) are likewise, 
in a most remancable degree, the purest, and sach as hold in 
solution the smallest qnantily of mineral substances. Their 
temperature appears^ on the whole, to be less constant than 
that of springs between 122^ and 165**, which in Europe, at 
least, have maintained, in a most remarkable manner, their 
invariability of heat and mineral contents during the last 
fifty or sixty yean, a period in which thermometrical measure- 
ments and chemical analyses have been applied with increas- 
ed exactness. Boussingault found in 1828 that the thermal 
springs of Las Trincheras had risen 12° during the twenty- 
three years that had intenrened since my travels in 1800.* 
This calmly-flowing spring is therefore now nearly 12** hotter 
than the intermittent fountains of the Geyser and the Strokr, 
whose temperature has recently been most carefully determ- 
ined by Krug of Nidda. A very striking proof of the origin 
of hot springs by the sinking of cold meteoric water into the 
earth, and by its contact with a volcanic focus, is affi>rded by 
the volcano of Jomlla in Mexico, which was unknown before 
my American journey. When, in September, 1759, JoruUo 
was suddenly elevated into a mountain 1183 feet above the 
level of the surrounding plain, two nnall rivers, the Bio de 
Cuitimba and Rio de San Pedro, disappeared, and some 
time afterward burst forth again, during violoat shocks of an 
earthquake, as hot springs, whose temperature I found in 1803 
•to be 186''-4. 

The springs in Greece still evidently flow at tho same places 
as in Ihe times of Hellenic antiquity. The spring oi Erasinos, 
two hours' journey to the south of Aigos, on the declivity of 
Chaon, is mentioned by Herodotus. At D^{^ we still see 
Cassotis (now the springs of St. Nicholas) rising south of the 
Lesche-, and flowing beneath the Temple of Apollo ; Castalia, 
at the foot of PhsBdriadee; Pirene, near Acro-Corinth; and 
the hot baths of ^dipsus, in Euboea, in whieh Sulla bathed 
during the Mithridatic war.t I advert with pleasure to these 

* Boussingault, in the Annates de Chmief t. lii., p. 181. The spring 
of Ghaudes Aignes, in Auvergne, is only 176^. It is also to be observ- 
ed, that while the Aguas OaJientes de las IVincheras, south of Porto 
Oabello (Venezuela), sprin^ng from granite cleft In regular beds, and 
far from all volcanoes, have a temperature of fully 206°*6, all the springs 
which rise in the vicinity of still active volcanoes (Paste, Cotopaxi, and 
Tunguragna) have a temperature of only 97^-130°. 

t Oassotis (the spring of St. Nicholas^ and Castalia, at the Phsedriadfls, 
mentioned in Pausanias, x., 24, 25, and x., 8, 9 ; Pirene (Acro-Corinth), 
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fiictB, as they show i^s ihaX, evon in a eoontiy sal^t to fre- 
quent and violent shocks of earthquakes, the interior of our 
planet has retained for upward of 2000 years its aa^^ent con- 
figuration in reference to the course of the open fissures that 
yield a passage to these waters. The ^^cmtatmjfxiUissante of 
Xiillers, in the Department des Pas de Calais> which waA bored 
as early as the year 1126, still rises to the same height and 
yields the same quantity of water ; and, a& another instance, I 
may mention that the admiraVle geograjpher of the Carama- 
nian^ coast, Captain Beaufort, saw in the district of Phaselis the 
same flame fed by emissions of inflammable gas which was de- 
scribed by Pliny as the flame of the Lycian Chimera.* 

The observation made by Arago in 1821, that the deepest 
Artesian w^ls are the warmest,! threw great light on the ori- 
gin of thermal sprmgs, and on the establishment of the law 
. that terrestrial heat increases with iuQreasing depth. It is a 
remarkable iket, which has but recently been noticed, that at 
the clpae of the third century, St. Patriciua4 probably Bishop 
of Pertusa» was led to adopt very correct views regarding th^ 
phenomenon of the hot springs at Carthage. On being asked 
what was the cause of boiling water bursting from the earth, 
he replied, '' Fire is nourished in the clouds and in the interior 

in Strabo^ p. 379 ; the spring of Erasinoa, at Mount Ckaon, aoadi of Ar- 
^o&, in Herod., vi, 67, and Paoaanias, ii^ 24, 7 ; the sprinsa of .fidipwm 
m Eabaea, some of which have a temperature of 88°, while in otheiB it 
ranges between 144^ and 167°, in Strabo, p. 60 and 447, and Athemeus, 
li., 3, 73 ; tha hot springs of Thermopylfie, at the foot of (Eta, with a 
temperature of 149°. All fix>m manuscript aotas hy Profesaor Cartiii0» 
the learned companion of Otfried Mailer. 

* Pliny, il, 106; Seneca, ^piat, 79, $ 3, ed. Ruhkopf( Beaufort, i9«r- 
vey of the Coast of Karamaniay 1820, art; Yanar, near Deliktaach, the 
ancient Phaselis, p. 34). See, also, Gtesias, Fragm., eap. 10, p. 250, 
ed. BShr^ atraba, lib. xiv., p. 666, Casaub. 

£'' Not far from the Deliktasb, on the side of a mountain, Is the per- 
petual fire described by Captain Beaufort. The tFavelers found it aa 
brilliant as ever, and even somewhat increaaed ; for, betides the large 
flame in the comer of the ruins described by Beaufort, tbere were smalt 
jets issuing from crevices in the side of the crater-like eavity five or 
six feet deep* At the bottom was a shallow pool of sulphureous and^ 
turbid water, regarded by the Turks as a sovereign remedy for all skin' 
complaints. Tbe soot deposited from the flames was regarded as effi- 
cacious for sore eyelids, and valued as a dye for the eyebrows.'* See 
the highly interesting and accurate work. Trowels m Lyeia, by Lieut 
Spratt and Professor E. Forbes.] — Tr. 

t Arago, in the Annvaire pour 1835, p. 234. 

t Acta S. PatricU, p. 555, ed. Ruinart, t. ii., p. 385, Mazochi. Dn- 
reau de la Malle was the' first to draw attention to this remarkable pas* 
aage in the Secherekes sur la To^grapkie de Cxirtkage, 1835, p. 276. 
(See, also, Seneca, Nnt. Qmett., in., 24.) 
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of tli6 earth, as iBtna and other mountains near Naples mdif 
teach you. The subterranean waters rise as if throiigh si- 
phons. The cause 'of hot springs is this : waters which are 
more remote from the subterranean fire axe colder, while those 
which rise nearer the fire are heated by it, and bring with 
them to the surface which we inhabit an insupportable degree 
of heat." 

As earthquakes are often accompanied by eruptions of water 
and vapors, we recognize in the SalseSy* ox small mud vol- 
canoes, a transition from the changing phenomena presented 
by these eruptions of vapor and thermal springs to the more 
powerful and awful activity of the streams of lava that flow 
from volcanic mountains. If we consider these mountains as 
springs of molten earths producing volcanic^ rocks, we must re- 
member that thermal waters, when impregnated with carbonic 
acid and sulphurous gases, are continually forming horizon- 
tally ranged strata of limestone (travertine) or conical eleva- 
tions, as in Northern Africa (in Algeria), and in the Bancs 
of Caxamarca, on the western declivity of the Peruvian Cor- 
dilleraa. The travertine of Van Diemen's Land (near Hobart 
Town) contains, according to Charles Darwin, remains of a 
vegetation that no longer exists. Lava and travertine, which 
are ctmstantly forming before our eyes, present us ^vith the 
two extremes of geognostic relations. 

Salses deserve more attention than they have hitherto re- 
ceived from geognosists. Their grandeur has been overlooked 
because of the two conditions to which they are subject ; it is 
only the more peaceful state, in which they may continue for 
centuries, which has generally been described : their origin is, 
however, accompanied by earthquakes, subterranean thunder, 
tte elevation of a whole district, and lofty emissions of flame 
of short duration. When the mud volcano of Jokmali began 
to form on the 27th of November, 1827, in the peninsula of 
Abscheron, on the Caspian Sea, east of Baku, the flames 
flashed up to an extraordinary height for three hours, while 
during the next twenty hours they scarcely rose three feet 
above the crater, from which mud was ejected. Near the 
village of BakUchli, west of Baku, the flames rose so high that 

* [Trae volcanoes, as we have seen, generate sulphoreted hydrogen 
and morialio acid, upheave tracts of land^ and emit streams of melted 
feldspathk materials ; salses, on the contrary^ disengage little else bat 
carbureted hvdrogen, together with bitumen and other products of the 
distillation of coal, and pour forth no other torrents except of mud, or 
argillaceotts materials mixed up with water. Daubeuey, op cit«, p. 
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they could be seen at a distanoe of twenty'£mr miles. Enor- 
mous masses of rock yteie torn up and scattered around. Sim* 
ilar masses may h^^ seen round the now inactive mud volcano 
of Monte Zibio, near Sassuolo, in Northern Italy. The sec- 
ondary condition of repose has been maintained for upward of 
fifteen centuries in the mud volcanoes of Girgenti, the Maca- 
lubif in Sicily, which have been described by the ancients. 
These salses consist of many contiguous conical hills, from 
eight to ten, or even thirty feet in height, subject to variations 
of elevation as well as of form. Streams of argillaceous mud, 
attended by a periodic development of gas, flow from the small 
basins at the summits, which are filled with water ; the mud, 
although usually cold, is sometimes at a high temperature, as 
at Damak, in the province of Samarang, in the island of Java. 
The gases that are developed with loud noise di^r in their 
nature, consisting, for instance, of hydrogen mixed with naph- 
tha, or of parbonic acid, or, as Parrot and myself have shown 
(in the peninsula of Taman, and in the Vokandtos de Tur* 
bacOf in South America), of almost pure nitrogen.* 

Mud volcanoes, after the first violent explosion of fire, which 
is not, perhaps, in an equal degree common to all, present to 
the spectator an image of the uninterrupted but weak activity 
of the interior of our planet. The communication with the 
deep strata in which a high temperature prevails is soon closed, 
and the coldness of the mud emissions of the salses seems to in- 
dicate that the seat of the phenomenon can not be far re- 
moved from the surface during their ordinary condition. The 
reaction of the interior of the earth on its external surface is 
exhibited with totally difierent force in true volcanoes or igne- 
ous mountains, at points of the earth in which a permanent, 
or, at least, continually-renewed connection with the volcanic 
force is manifested. We must here carefully distinguish be- 
tween the more or less intensely developed volcanic phenom- 
ena, as, for instance, between earthquakes, thermal, $iqueous, 
and gaseous springs, mud volcanoes, and the appearance of 
bell-formed or dome-shaped trachytic rocks without openings ; 
the opening of these rocks, or of the elevated beds of basalt, as 

* Hamboldt, Rd, HUt., t iii., p. 562-567 ; Atie Cenirale, t. i., p. 43; 
t. n., p. 505-515 ; Vnes dea CardtUires, pi. zli. Regarding the jfoco- 
lubi (the Arabic Makhlubf the overthrown or inverted, from the word 
KheUaba), and on " the Earth ejecting fluid earth," see Solinns, cap. 5: 
'* idem aser Agrigentinas eractat limosas scatarig|eneB, et ut yens fon- 
tium sufficiont rivia Bubministrandis, ita in hac Sicflis parte solo non- 
quain deficiente, sterna rejectatione terrain terra eyomit*'' 

K2 
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craters of eleraticm ; and, lastly, the eleration of a permanent 
Tolcano in the crater of elevation, or among the d^yris of its 
earlier formation. At different periods, and in different de- 
grees of activity and fierce, the permanent volcanoes emit 
steam, acids, luminous scoriae, or, when the resistance can he 
overcome, narrow, hand-like streams of molten earths. Elas- 
tic vapors sometimes elevate either separate portions of the 
earth's crust into dome-shaped unopened masses of feldspathio 
trachyte and dolerite (as in Puy de Dome and Chimhorazo), 
in consequence of some great or local manifestation offeree in 
the interior of our planet, or the upheaved strata are hroken 
through and curved in such a manner as to form a steep rocky 
ledge on the opposite inner side, which then constitutes the in- 
closure of a crater of elevation. If this rocky ledge has heen 
uplifted from the hottom of the sea, which is hy no means al- 
ways the case, it determines the whole physiognomy and iorm 
of the island. In this manner has arisen the circular form of 
Palma, which has heen descrihed with such admirahle accu- 
racy hy Leopold von Buch, and that of Nisyros,*in the ^gean 
Sea. Sometimes half of the annular ledge has heen destroy- 
ed, and in the hay formed hy the encroachment of the sea cor^ 
alhnes have huilt their cellular hahitations. Even on conti- 
nents craters of elevation are often filled with water, and em- 
hellish in k peculiar manner the character of the landscape. 
Their origin is not connected with any determined species of 
rock : they hreak out in hasalt, trachyte, leucitic porphyry 
(somma), or in doleritic mixtures of augite and lahradorite ; 
and hence arise the different nature and external conformation 
of these inclosures of craters. No phenomena of eruptions are 
manifested in such craters, as they open no permanent channel 
of communication with the interior, and it is hut seldom that 
we meet with traces of volcanic activity either in the neigh- 
horhood or in the interior of these craters. The force which 
was ahle to produce so important an action must have heen 
long accumulating in the interior hefore it could overpower the 
resistance of the mass pressing upon it ; it sometimes, for in- 
stance, on the origin of new islands, will raise granular rocks 
and conglomerated masses (strata of tufa filled with marine 
plants) ahove the surfiBLoe of the sea. The comjuressed vapors 
escape through the crater of elevation, hut a large mass soon 
falls hack and closes the opening, which had heen only formed 
hy these manifestations of force. No volcano can, therefore, 

* See the interetting little map of the idand of Nisyroe, in Bobs'i 
Ret^cK auf den OHeehitchfn Jbttln, bd. ii., 1843, s, 69. 



Digitized by VjOOQ IC 



VOLCANOES. aw 

he pioduoed.'^ A volcano, properly ad caQed, exists only where 
a permaaeat ecxmectioii is establisl^ed between the interior of 
the earth and the atmosphere, and the reaction of the interior 
on the surface then continues during loiig periods of time. It 
may be interrupted for centuries, as in the case of Vesuvius, 
Fisovei and then manifest itself with venewed activity. In 
the time of Nero, men were disposed to rank ^tna among 
the voleaiiic mountains which were gradually becoming ex* 
ttnct ;t and subsequ^tly ^lian^ even maintained that mar* 
iners could no longer see the sinking summit of the mountain 
from so great a distanoe at sea. Where these (Evidences — 
these old sca^ldings of eruption, I might almost say — still 
exist, the volcano rises from a crater of elevation, while a high 
rocky wall surrounds, like an amphitheater, the isolated con- 
teal mount, and forms apound it a kind of casing ojTh^hly ele- 

* Leopold Ton. Bach, ^kyt, Btackreibumg 4er CanarUchen hitdn, 8. 
326 ; and his Memoir Aber Erhebungscraierc umd VvXccmej in Poggend,, 
Annal,y bd, xxxvii., a. 169. 

In bis remarks on the separation of Sieily fromOriabria, Strabo g^ves 
an excellent desoription of the two modes in wMck iabads or* fanned: 
*' Some iflSaods," he observes (lib. vi., p. 2M, ed. Gasaab.)> ** are frag- 
ments of the continent, others have arisen from the sea, as even at the 
present time is known to happen; for the islands of the great ocean, 
tying far from the main land, nave probably been raised from its depths^ 
-while, on the other hand, those near pronoBtaries appear (according to 
reason) to have been separated from the continent.*' 

t Ocre Fisove(Mons Vesuvius^ in Ihe Umbrian language. (Lassen, 
JOeutung der Eugubinitchen Tafeln in Rhein. Museum^ 1832, s. 387.) 
The word ochre is very probably genuine Umbrian, and means, accord- 
ing to Festus, mtountain. JEtna. would be a bnming and pfainine mount- 
ain, if Vofls is correct in stating that Airvji is an Hellenic sound, and is 
oonnected wllh al6i^ and oWlvoc; but the intelligent writer Parthey 
doubts this Hellenic origin on etymological j^rounds, and also because 
^tna was by no means regarded as a lamiQoos beacon for ships or 
wanderers, in the same manner as the ever-travailing Stromboli (Stron- 
gyle), to which Homer seems to refer in the Odyssey (xii., 68, 202, 
and 219), and its geographical position was not so well determined. I 
suspect that Mtndi would be found to be a Sicilian word, if we had any 
fragmentary materials to refer to. According to Dlodoms (v., 6), the 
Sioani, or aborigines preceding the Sicihans, were compelled to fly to 
the western part of the island, in consequence of saccesmve eruptions 
extending over many years. The most ancient eruption of Mount JEtna 
on record is that mentioned by Pindar and JEschyras, as occurring un- 
der Hiero, in the second year of the 75th Olympiad. It is probable 
that Hosiod was aware of Uie devastating araptions of £tna before the 
period of Greek iso^igratian. There is, however, some doubt regard- 
ing the word Alrv^ in the text of Hosiod, a subject into which I have 
entered at some length in another place. (HoqibQldt, Examm Crii. 
de le Qhgr,, t. i., p. 168.) 

% SeMca, EpiH., 79. % MXm^ For. ^m^., viii., 11. 
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vated strata. Occasionally not a trace of this intfl'osure m 
visible, and the volcano, which is not always conical, risesv 
immediately from the neighboring plateau in an ^ongated 
form, as in the case of Pichincha,* at the foot of which lies 
the city of Quito. 

As the nature of rocks, or the mixture (grouping) of simple 
minerals into granite, gneiss, and mica slate, or into trachyte, 
basalt, and dolorite, is independent oi existing climates, and is 
the same under the most varied latitudes of the earth, so also 
we find every where in inorganio nature that the same laws of 
configuration regulate the reciprocal superposition of the strata 
of the earth's crust, cause them to penetrate one another in 
the form of veins, and elevate them by the agency of elastic 
forces. This constant recurrence of the same phenomena is 
most strikingly manifested in volcanoes. When the manner, 
amid the islands of some distant archipelago, is no longer guid- 
ed by the light of the same stars with which he had been fa- 
miliar in his native latitude, and sees himself surrounded by 
palms and other forms of an exotic vegetation, he still can 
trace, reflected in the individual characteristics of the land- 
scape, the forms of Vesuvius, of the dome-shaped summits of 
Auveigne, the craters o£ elevation in the Canaries and Azores, 
or the fissures of eruption in Iceland. A glance at the satel- 
lite of our planet will impart a wider generalization to this anal- 
ogy of configuration. By means of the charts that have been 
drawn in accordance with the observations made with large 
telescopes, we may recognize in the moon, where water and air 
are bofli absent, vast craters-of elevation surrounding or sup- 

Sorting conical mountains, thus afibrding incontrovertible evi- 
ence of the effects produced by the reaction of the interior on 
-the surface, favored by the influence of a feebler force of grav- 
itation. 

Although volcanoes are justly termed in many languages 
**^ fire -emitting mountains," mountains of this kind are not 
ibrmed by the gradual accumulation of ejected currents of 
lava, but their 4>rigin seems rather to be a general consequence 
of the sudden elevation of soft masses of trachyte or labradoi^ 
itic augite. The amount of the elevating force is manifested 

* [This mountain contains two ftmnel-flhaped craters, apparently re- 
sulting from two sets of eruptions : the western nearly circular, and 
having in its center a cone of eruption, from the summit and sides of 
which are no less than seventy vents, some in activity and others ex- 
tinct. It is probable tliat the larger number of the vents were pro- 
duced at periods anterior to history. Daubeney, op. cit., p. 488. ]— Tr 
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by the eleyation of the volcano, which varies from the incon- 
siderable height of a hill (as the volcano of Cosima, one of the 
Japanese Kurile islands) to that of a cone above 19,000 feet 
in height. It has appeared to me that relations of height have 
a great influence on the occurrence of eruptions, which are 
mojre frequent in low than in elevated volcanoes. I might in- 
stance the series presented by the following mountains : Strom- 
boli, 2318 feet ; Guacamayo, in the province of Quixos, from 
which detonaticms are heard almost daily (I have myself often 
heard them at ChiUo, near Quito, a distance of eighty-^ght 
milea) ; Vesuvius, 3876 feet ; -^tna, 10,871 feet ; the Peak 
of Tenerifie, 12,175 feet ; and Cotopaxi, 19,069 feet. If the 
focus of these volcanoes be at an equal depth below the sur- 
face, a greater Ibrce must be required where the fused masses 
have to be raised to an elevation six or eight times greater 
than that of the lower eminences. While the volcano Strom- 
boll (Strongyle) has been incessantly active since the Homeric 
ages, and has served as a beacon-light to guide the mariner in 
the Tyrrhenian Sea, loftier volcanoes have been characterized 
by long intervals of quiet. Thus we see that a whole century 
often intervenes between the eruptions of most of the colossi 
which crown the summits of the Cordilleras of the Andes. 
Where we meet with exceptions to this law, to which I long 
since drew attention) they must depend upon the circumstance 
that the connections between the volcanic foci and the crater 
of eruption can not be considered as equally permanent in the 
case of all volcanoes. The channd of communication may be 
closed for a time in the case of the lower ones, so that they 
less frequently come to a state of eruption, although they do 
not, tm that account, approach more nearly to their final ex- 
tinction. 

These relations between tiie absolute height and the fre- 
quency of volcanic eruptions, as far aa they are externally per- 
ceptible, are intimately connected with the consideration of 
the local conditions under which lava currents are erupted. 
Eruptions from the crater are very unusual in many mount- 
ains, generally occurring from lateral fissures (as was observed 
in the case of^tna, in the sixteenth century, by the cele- 
brated historian Bembo, when a youth"*), wherever the »des 

* Petri Bembi OpoBcula (jEtna Dialogtui)^ Basil, 1556, p. 63 : " Quic- 
quid in Mtaa matris utero coalesoit, nunquam exit ex cratere superiore^ 
quod vel eo inscondere gravis materia non queat, vel, quia inferius alia 
spdramentft sunt, non fit opus. Despumant nammis nrgentibus ignei riyi 
pigro floxa totas delambentes plagas, et in lapidem indurescant." 
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of the upbeayed mountain were least able, firom their configu- 
ration and position, to offer any resistance. Cones of eruptiiMi 
are aometimes uplifted on these fissures ; the larger ones, which 
are erroneously termed new vdcanoes, are ran^ad together in a 
line marking the direction of a fissure, which is soon reclosed, 
while the smaller ones are grouped together, covi^ring a whole 
district with their dome-like or hive-shaped fimns. To the 
latter bebng the hornitos de JaruUo,* the cone of Vesuvius 
erupted in October, 1822, that of Awatacha, aocording to Posr 
tels, and those of the lava-field mentioned by Erman, near the 
Baidar Mountains, in the peninsula of Kamtschatka. 

When volcanoes are not isolated in a plain, but surrounded, 
as in the double chain of the Andes of Quito, by a taUe*land 
having an elevation from nine to thirteen thonsend feet, this 
circumstance may probably expiain the cause why bo lava 
streams are formedf during the most dreadful eruption of ig« 
nited soorisB accompanied by detonations heard at a distawfte 
of more than a hundred miles. Such ace the voleaaoes of Po* 
payas, those of the elevated plateau of I^os Fa^tos and of the 
Andes of Quito, with the exertion, perhaps, in the csae of 
the latter, of the volcano of Antisana. The height of the oone 
of cinders, and the size and form of the orat^, are dements 
of configuratien which yield an especial and indiviidual char- 
acter to volcanoes, although the cone of cinders and the crat» 
are both wholly independent of the dimen»ons of the mountr 
ain. Vesuvius is more than three times lower than the Peak 
of Tenerifie ; its cone of cinders rises to ooe third of the height 
of the whole mountain, while the cone of cinders of the Peak 
is only ^i^^d of its altitude.^ In a much higher volcano thaa 
that of Tenerifie, the Eucu Pichinoha, othe^r lelations occur 

• See my drawing of the volcano of Jorullo, of its hormtQ.$, «94 of tho 
uplifted malpayty in my Vuet de CordiHiret, pi. xUii., p. 239. 

[Burckhairdt states that during the twenty-ionr years that have inter- 
vened since Baron Ifamboldt^s visit to JoroUo, the Jwmihs have either 
whoUy disappeared or completely changed their fiinns. flee AtrfentluM 
%nd Reisen in Mexico in 1625 ufid 1834.]'— 2V, 

t Humboldt, Essai sur la Giogr. detPlantes et Tt^leoAi Pkys. desR^ 
giont Eguinoxiales, 1807, p. 130, and Eseai Oiogn. aur le Ouetnent de$ 
R«:he»fp. 331. Most of the volcanoes in Java demonstrate that the 
cause ofthe perfect alisence of lava streama in vcdcanofiS/of inoessbnt 
activity is not alone to be sought for in their form^ position, and height. 
Leop. von Buch, Vescr. Phys. de$ lUt Canaries, p. 419 ; Eeinwardtand 
Hoffmann, in Poggend., Annalen.f bd. xii., 8. 607. " 

X [It may be remarked in general, although the rule is liable to ex- 
ceptions, that the dimensions of a crater are in an inverse ratio to the 
elevation of the mountain. Daubeney, op. cit., p. 444,]— TV. 
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whiish approach niore nearly to that of Vesuvina. Among all 
the rolcanoes that I hare seen in the two hemispheret, the 
conical form of Cotopaxi is the most beantifully regolar. A 
sudden fusion of the snow at its cone of cinders annonnoes the 
proximity of the eruption. Before the smoke is visihle in the 
rarefied strata of air surrounding the summit and the opening 
of the crater, the walls of the cone of cinders are sometimes 
in a state of glowing heat, when the whole mountain presents 
an appearance of the most fearful and portentous hlackness; 
The crater, which, with very few exceptions, occupies the 
snmmit of the volcano, forms a deep, caldron-'like valley, which 
is often accessible, and whose bottom is subject to constant al- 
terations. The great or lesser depth of the crater is in many 
volcanoes likewise a sign of the near or distant occurrence of 
an eruption. Long, narrow fissures, from which vapors issue 
forth, or small rounding hollows filled with molten masses, al- 
ternately open and dlose in the caldron-Uke valley ; the bottom 
xiees and sinks, emiitenoes of scons and cones ti eruption are 
formed, rising sometimes far over the waQs of the crater, and 
continuing for years together to impart to the volcano a pecul- 
iar character, and then suddenly fall together and disappear 
during a new eruption. The openings of these cones of erup- 
tion, which rise £Knari the bottom of the crater, must not, as is 
too often done, be oonfeunded with the crater which incloses 
them. If this be inaccessilde from extreme depth and from 
the perpendicular descent, as in the case of the volcano of 
Kucu Pichincha, which is 15,920 feet in height, the traveler 
may look from the edge on the summit of the mountains which 
rise in the sulphurous atmosphere of l^e valley at his feet ; 
and I have never beheld a grander or more remaikaUe picture 
than that presented by this volcano. In the interval between 
two eruptions, a crater may either present no luminous ap- 
pearance, showing merely open fissures and ascending vapors, 
or the scarcely heated soil may be covered by eminences of 
scori», that admit of being approached without danger, and 
thus present to the geologist the spectacle of the eruption of 
burning and fused masses, which fall back on the ledge of the 
cone of soorie, and whose appearance is regularly announced 
by small wholly local earthquakes. Lava sometimes streams 
forth from the open fissures and small hollows, without break- 
ing tiirongh or escaping beyond the sides of the crater. If, 
however, it does break through, the newly-opened terrestrial 
stream generally flows in such a quiet and weU-defined course, 
that the deep valley, which we term the crater, remains aoce$- 
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sible even duiing periods of eruption. It is impossible, with- 
out an exact representation of the configuration-— the normal 
type, as it were, of iire-emitting mountains, to form a just idea 
of those phenomena which, owing to fantastic descriptions and 
an undefined phraseology, have long been comprised under the 
head of craterSy cones of eruption, and volcanoes. The mar- 
ginal ledges of craters vary much less than one would be led 
to suppose. A comparison of Saussure's measurements with 
my own yields the remarkable result, for instance, that in the 
course of forty-nine years {from 1773 to 1822), the elevation 
of the northwestern margin of Mount Vesuvius {Rocca dd 
Falo) may be considered to have remained unchanged.* 

Volcanoes which, Hke the chain of the Andes, lift their simi- 
mits high above the boundaries of the region of perpetual snow, 
present peculiar phenomena. The masses of snow, by their 
sudden fusion during eruptions, occasion not only the most fear> 
fol inundations and torrents of water, in which smoking scorisB 
are borne along on thick masses of ice, but they likewise ex- 
ercise ft constant action, while the volcano is in a state of per- 
fect repose, by infiltration into the fissures of the trachytic rock. 
Cavities which are either on the declivity or at the foot of the 
mountain are gradually converted into subterranean reservoirs 
of water, which communicate by numerous narrow Openings 
with mountain streams, as we see exemplified in the highlands 
of Quito. The fishes of these rivulets multiply, especially in 
the obscurity of the hollows ; and when the shocks of earth- 
quakes, which precede all eruptions in the Andes, have vio- 
lently shaken the whole mass of the volcano, these subterra- 
nean caverns are suddenly opened, and water, fishes, and tufa- 
ceous mud are all ejected together. It is through this singular 
phenomenont that the inhabitants of the highlahds of Quito 
became acquainted with the existence of the little cyclopc 
fishes, termed by them the preiiadilla. On the night between 
the 19th and 20th of June, 1698, vrhen the summit of Car- 
guairazo, a mountain 19,720 feet in height, feU in, leaving 
only two huge masses of rock remaining of the ledge of the 
crater, a space' of nearly thirty-two square miles was over- 
flowed and devastated by streams of Uquid tufa and argilla- 
ceous mud {lodazcdes), containing large quantities of dead fish. 

* See the ground-work of my measurements compared with those of , 
fiaussure and Lord Minto, in the Abha/ndlungen der AJcademie der Wii$» 
xu Berlin for the years 1822 and 1823. 

t Pime lodes cyclopum. -See Humboldt, Re^ueil d^Ob^ervaUont de 
Zoologie est d^Anatomie Comparie, t. i., p. 2l'-25. 
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In like manner, the putrid fever, which raged seven years pre- 
viously in the mountain town of Ibarra, north of Quito, was 
ascribed to the ejection of fish from the volcano of Imbaburu.* 

Water and mud, which flow not from the crater itself, but 
£rom the hollows in the trachytic mass of the mountain, can 
not, striptly speaking, be classed among volcanic phenomena. 
They are only indirectly connected with the volcanic activity 
of the mountain, resembling, in that respect, the singular me- 
teorological process which I have designated iii my earlier writ- 
ings by the term o£ volcanic $torm: The hot stream which 
rises from the crater during the eruption, and spreads itself in 
the atmosphere, condenses into a doud, and surrounds the col- 
umn of file and cinders which rises to an altitude of many 
thousand feet. The sudden condensation of the vapors; and, 
as Gay-Lussao has shown, the formation of a cloud of enor- 
mous extent, increase the electric tension. Forked lightning 
flashes from the column of cinders, and it is then easy to dis- 
tinguish (as at ^e close of the eruption of Mount Vesuvius, in 
the latter end of October, 1822) the rolling thunder of the vol- 
canic storm from the detonations in the interior of the mount- 
ain. The flashes of lightning that darted from the volcanic 
«loud of steam, as we learn from Olafsen's report, killed eleven 
horses and two men, on the eruption of the volcano of Katla* 
gia, in Iceland, on the 17th of October, 1755. 

Having thus delineated the structure and dynamic activity 
of volcanoes, it now remains tor us to throw a glance at the 
diflerences existing in their material products. The subterra- 
nean forces sever old combinations of matter in order to pro- 
duce new ones, and they also continue to act upon matter as 
long as it is in a state of liquefaetion from heatj and capable 
of being displaced. The greater or less pressure under which 
merely sdftened or wholly liquid fluids are solidified, appears to 
constitute the main diflerence in the formation of Plutonic and 
volcanic rocks. The mineral mass which flows in narrow, 
elongated streams from a volcanic opening (an earth-spring), 
is cfdled lava. Where many such currents meet and are ar- 
rested ill their course, they expand in width, filling large ba- 
sins, in which they become soUdified in superimposed strata. 
These few sentences describe the general character of the prod- 
ucts of volcanic activity. 

* [It would appear, as there is no doubt that these fishes proceed from 
the mountain itself, that there must be lar^e lakes in the- interior, which 
in ordinary seasons are out of the immediate influence of the volcamo 
action See Dsabeney, op. ciL, p. 488, 497.] — Tr. 
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'ELocIa which ate merely hiokea thiovgh by the Yolcanic ao 
tion are often inclosed in the igneous products. Thus I have 
found angular fragments of feldspathic syenite imbedded in the 
black augitic lava of the volcano of JoruUo, in Mexico ; but 
the masses of dolomite and granular limestone, which contain 
magnificent clusters of crystalline fossils ( vesuvian and gajnets, 
covered with mejonite, nepheline, and sodalite)» are not the 
ejected products of Vesuvius, these belonging rather to very 
generally distributed fonnations, vis., strata of tufa» which are 
more ancient than the elevation of the Somma and of Yesu 
vius, and are probably the products of a deep-seated and con 
cealed submarine volcanic action.* We find five metals among 
the products of existing volcanoes, iron, copper, lead, arsenic, 
and selenium, discovered by Stromeyer in the crater of Yolca* 
no.t The vapors that rise irom the fitma/roUes cause the sub- 
limation of the chlorids of iron, copper, lead, and ammonium ; 
iron glancel and chlorid of sodium (the latter often in large 
quantities) fill the cavities of recent lava streams and the fis- 
sures of the margin of the crater. 

The mineral composition of lava difiers aocording to the na< 
tare of the crystalline rock of which the volcai^ is formed, the 
height of the point where the eruption oocurg, whether at the 
foot of the mountain or in the neighborhood of the crater, and 
the condition of temperature of the interior* Vitreous volcanic 
formations, obsidian, pearl-stone, and pumice, are entirely want- 
ing in some volcanoes, while in the case of others they only 
proceed from the crater, or, at any rate, from very considera-. 
ble heights. These important and involved relations can only 
be explained by very accurate crystallographic and chemical 
investigations. My feUow-traveler in Siberia, Gustav Rose, . 
and subsequently Hermann Abich^ have already been able, 
by their fortunate and ingenious researches, to throw much 
light on the structural relations of the various kinds of vol- 
canic rocks. 

* Leop. Ton Buch, 4n Poegend., Aitnalerif bd. zxxvii., s. 179. 

t £The little island of Volcano is separated from Lipari by a narrow 
channel. It appears to have exhibited strong signs of yolcamc activ- 
ity long before the Christian era, and still emits gaseous exhalations. 
Stromeyer detected the presence of selenium in a mixture of sal ammo- 
niac and sulphur. Another product, suf^posed to be peculiar to this 
Volcano, is boracic acid, which lines the sides of the cavities in beautir 
ful v^hite silky crystals. Daubeney, op. cit., p. 257.] — Tr, 

^ Regarding the chemical origin of iron glance in volcanic masses, see 
Mitscherlich, m Poggend., Annalen, bd. xv., s. 630 ; and on the libera- 
tion of hydrochloric acid in the crater, see Gay-Lusaac, in the Annales 
dc Chimique $t de Physique, t xxii., p. 423. 
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The greater part of^he ieiscending vapor is mere steam. 
Whea condensed, thicr forms springs, as in Pantellaria,* where 
they are used by the goatherds of the island. On the morn- 
ing of the 26th of October, 1822^ a current was seen to flow 
6om a lateral fissure of the crater of Vesuvius, and was long 
supposed to have been bmling water ; it was, however, shown, 
by Montieelli's accurate investigations, to consist df dry ashes, 
which fell like sand, and of lava pulverized by friction. The 
ashes, which sometimes darken the air for hours and days to- 
gether, and produce great injury to the vineyards and olive 
groves by adhering to the leaves, indicate by their columnar 
ascent, impelled by vapors, the t^minatioii of every great 
earthcjuake. This is the magnificent phenomenon which 
Pliny the younger, in his celebrated letter to Comeliuff Tacitus, 
compares, in the case of Vesuvius, to the form of a lofly and 
thickly-branched and filaceous pine. That which is de- 
scribed as flames in the eruption of soorise, and the radiance 
of the glowing red clouds that hover over the crater, can not 
be ascribed to the effect of hydrogen gas in a state of combus- 
tion. They are rather reflections of light which issue from 
molten masses, projected high in the air, and also reflections 
from the burning depths, whence the glowing vapors ascend. 
We will not, however, attempt to decide the nature of the 
flames, which are occasionally seen now, as in the time of 
Strabo, to rise from the deep sea during the activity of littoral 
volcanoes, or shortly before the elevation of a volcanic island. 

When the questions are asked, what is it that bums in the 
volcano? lvhat excites the heat, fuses together earths and 
metals, and imparts to lava currents of thick layers a degree 
of heat that lasts for many years ?t it is necessarily implied 
that volcanoes must be connected with the existence of sub- 
stances capable of maintaining combustion, like the beds of 
coal in subterranean fires. According to the difierent phases 
of chemical science, bitumen, pyrites, the moist admixture of 
finely-pulverized sulphur and iron, pyroph(»ric substances, and 
the metals of the alkahes and earths, have in turn been desig- 
nated as the cause of intensely active volcanic phenomena, 
The great chemist, Sir Humphrey Davy, to whom w^ are m" 
debt^ for the knowledge of the most combustible metallic 

• [Steam issues from many parts of this insular mountiain, and sev- 
eral not springs gush forth from it, which form together a lake 6000 feet 
in circumference. ^ Daubeney, op. cit.] — Tr. 

i See the beautiful experiments on the cooling of masses of rock, in 
Bischors W&rmeUhre, s. 384, 443, 500-512, 
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robetances, has hinuelf renounced his bold chemical hypothesie 
in his last work (Consolation in Travd, and last Days of a 
Philosopher) — a work which can not fail to excite in the 
reader a feeUng of the deepest melancholy. The greaX mean 
density of the earth (5*44), when compared with the specific 
weight of potassium (0*865), of sodium (0*972), or of the 
metals of the earths (1'2), and the absence of hydrogen gas in 
the gaseous emanations nom the fissures of craten, and from 
still warm streams of lava, besides many chemical coosidera- 
tions, stand in opposition with the earlier conjectures of Davy 
and Ampdre.* If hydrogen were evolved firom erupted lava, 
how great must be the quantity of the gas disengaged, when, 
the seat of the volcanic activity being very low, as in the case 
of the remarkable eruption at the foot of the Bkaptar Joknl in 
Iceland (from the 11th of June to the 3d of August, 1783, 
described by Mackenzie and Soemund Magnussen), a space of 
many square miles was covered by streams of lava, accumuH' 
latea to the thickness of several hundred feet ! Similar diffi- 
culties are opposed to the assumption of the penetration of the 
atmospheric air into the crater, or, as it is figuratively ex- 
pressed, the inhalation of the earth, when we have regard to 
the small quantity of nitrogen emitted. So general, deep- 
seated, and far-propagated an activity as that of volcanoes, 
can not assuredly have its source in chemical affinity, or in 
the mere contact of individual or merely locally distributed 
substances. Modern geognosyf rather seeks the cause of this 
activity in the increased temperature with the increase of 
depth at all degrees of latitude, in that powerful internal heat 
which our planet owes to its first solidification, its formation 
in the regions of space, and to the spherical contraction of 

• See Berzelins and WOhler, in Poggend., Annalei^ bd. i., 8. 221, and 
bd.xL, 8. 146 ; Gay-Lii88ac, in the AnndUa dt Chimie, t. x., xii., p. 422 ; 
and BiachoV A Reasoni against ike Chemical Theory of VolcanoeSf in the 
English edition of his Wdrmelekrej p. 297-309. 

t [On the various theories that have been advanced in explanation of 
volcanic action, see Daabene^ On Voleanoe»y a work to which we have 
made continual reference during the preceding pages, as it constitutes 
the most recent and perfect compendium of all liie important facts re- 
lating to this subject, and is peculiarly adapted to serve as a source of 
reference to the Cotmot, since the learned author in many instances eii> 
ters into a full exposition of the views advanced by Baron Humboldt. 
The appendix contains several valuable notes with reference to the 
most recent works that have appeared on the Contiqent, on subjects re- 
lating to volcanoes ; among others, an interesting notice of Professor 
Bischors views "on the origin of the carbonic acid discharged from 
volcanoes," as enounced in hi» recently published work, LehrbucK def 
Chemischen und Phytikalitchen Oeologie,'] — Tr, 
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matter revolving elliptically in a gaseous condition. We liave 
thus mere conjecture and supposition side by side with cer- 
tain knowledge. A philosophical study of nature strives ever 
to elevate itself above the narrow requirements of mere natural 
description, and does not consist, as we have already remark- 
ed, in the mere accumulation of isolated facts. The inquir- 
ing and active spirit rf man must be sufiered to pass from the 
present to the past, to conjecture all that can not yet be known 
with certainty^ and still to dwell with pleasure on the ancient 
myths of geognosy which are presented to us under so many 
various forms. If we consider volcanoes as irregular inter- 
mittent springs, emitting a fluid mixture of oxydized metals, 
alkalieSy and earths, flowing gently and calmy wherever they 
find a passage, or being upheaved by the powerful expansive 
force of vapors, we are involuntarily led to remember the geog- 
» nostic visions of Plato, according to which hot springs, as well 
as all volcanic igneous streams, wore eruptions that might be 
traced back to one generally distributed subterranean cause, 
Pyrijphlegethan,.^ 

* Accoi:ding to Plato's geognostilc views, as developed in the Ph^sdd, 
Fyriphlegethoa plays much tae same part in relation to the activity ot 
volcanoes that we now ascribe to the augmentation of heat as we de- 
scend from the earth's sur&ce, and to the tiised condition of its internal 
strata. {Phasdo^ ed. Ast, p. 603 and 607; Annot., p. 808 and 817.) 
<' Within the earth, and alt aronnd it, are lar^r and smaller caverns. 
Water flows there in abundance ; also much nre and large streams of 
fire, and streams of moist mud (some purer and others more filthy), 
Uke those in Sicily, consisting of mud and fire, preceding the great erup- 
tion. These streams fill cdl places that &U in the way of their course. 
Pyrlphlegethon flows forth into an extensive district burning with a 
fierce fire, where it forms a lake larger than our sea, boiling with water 
and mud. From thence it mdves in circles round the earth, turbid and 
muddy.'* This stream of molten earth and mud is so much the general 
cause of volcanic phenomena, that Plato expressly adds, '*thus is Pyri- 
phlegethon constituted, from which also the streams of fire {oi p6iiKtc)j 
wherever they reach the earth {bnri &v Tvx<^f' ^C yw)f inflate such 
ports (detached fragments)." Volcanic scorisB and lava streams are 
therefore portions of Pyiiphlegethon itself, portions of the subterranean 
molten and ever-undulating mass. That ol pvaKec are lava streams, and 
not, as Schneider, Passow, and Sehleiermacber will have it, " fire-vom- 
iting^ mountains," is clear enough from many passages, some of whicii 
have been collected by Ukert (Oeogr. der Oriechen und Romero th. ii., 
8. 200) t f>va^ is the volcanic phenomenon in reference to its most strik- 
ing characteristic, the lava stream. Hence the expression, the /&va«er 
of ^tna. Aristot., Mirab. Ause.f t. ii., p. 833 ; sect 38, Bekker ; 
Thucyd., iii., 116; Theophrast., DeLap., 22, p. 427, Schneid6r; Diod.> 
v., 6, and xiv.^ 59, where are tiie remarkable words, " Many placm 
near the sea, in the neighborhood of ^tna, were leveled to the ground, 
vird Tfjv KoXovfUiHW pHuco^ ;** Strabo, vi., p. 269 ; ziii., p. 268, mad 
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The difierent volcanoes over tlie earth's Buz&oe, when they 
aie considered independently of all climatic di^iences, are 
acutely and characteristically classified as central and linear 
TolciMioes. Under the first name are comprised those which 
constitute the central point of many active mouths of erup- 
tion« distributed almost regularly in all directions ; under the 
second, those lying at some little distance firom one another, 
forming, as it were, chinmeys or vents along an extended 
fissure. Linear volcanoes again admit of further subdivision, 
namely, those which rise like separate conical ii^ands fire)m the 
bottom of the sea, being generally parallel with a chain of 
primitive mountains, whose foot they appear to indicate, and 
those volcanic chains which are elevated on the highest ridges 
of these mountain chains, of which they form the summits.* 
The Peak of Teneri^, for instance, is a central voloano, b^ng 
the central point of the volcanic group to which the eruption * 
of Palma and Lancerote may be leferrod. The long, rampart- 
like <^ain of the Andes, which is sometimes single, and some- 
times divided into two or three parallel branches, connected 
by various transverse ridges, presents, firom the south of Chili 
to the northwest coast of America, one of the grandest in- 
stances of a continental volcanic chain. The proximity of 

where there is a notice of the celebi-ated bnming mud of the Lelantine 
plaiAS, in £ab(Ba, i., p. 58, Casaab. ; and Appian, De Beilo CivHif v., 
114. The blame which Ariitotle throws on toe &[doenostical fiuatasies 
of the Phaedo (Meteor., ii., 2, 19 > is especially appUed to the aoarces of 
the riven flowing over the eartn^s samoe. The distinct statement of 
Plato, that '' in Sicily emptions of wet mud precede the Rowing (lava^ 
stream," is very renaikable. Observatians on JEtna coiud not ^ve lea 
to such a statement, nnlen pamice and ashes, fonned into a mod-like 
mass by admixture with melted snow and water, during the volcano- 
electric storm in the crater of eruption, were mistaken for ejected mud. 
It is more probable that Plato's streams of moist mnd (vypifv m/XoS 
vroTOfMu) originated in a fidnt recollection of the sskes (axad volcanoes) 
of Agri^entnm, which, as I have already mentioned, eject argillaceous 
mud with a load noise. It is much to be regretted, in reference to this 
subject, that the work of Theophrastns nepi puOMocrov w Siic«^a, On 
M« Vpletmie Stream in Sicily , to which Diog. Laert., v., 49, refers, has 
not come down to us. 

* Lec^ld von Buch, PhydkaL Beeehreib. der Canarie^im Inw^a, s. 
SI26-407. I doubt if we can agree with the ingenious Charles Darwia 
(Geologieal ObeervaHont en Volcanie Mrndty 1844, p. 127) in legard- 
iag central volcanoes in general as volcanic chains of small ext^it on 
parallel fissures. Friedrich Hoffinan believes tiiat in the group of the 
Lipaii Islands, whidi he has so admirably described, and in which two 
eruption fissures intexsect near Panaiia, he has found an intermediate 
link between the two principal modes in which volcanoes appear, 
juimely, the central volcanoes and volciuiic chains oi Von Buch C^og* 
gendorf, AtsnaUn derPhysik, bd. xzvi., s. 81-«8). 
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setive rcdeanoQi is always maniiestBdun tibe oham of the An- 
des by tke a|>pearaace of eertaiu rocks (as dolerite, melaphyre, 
trachyte, andesite, and diohtie pcwphyry), which divide the so- 
called priimtire rocks, the transitioa ^ates and aatfedstoaes, and 
liie stratified formafeioiis. The oonstant recurrence of this 
pheQGaotieiioa convinced me long eance that these sporadic rocks 
were the seat of volcanic phenomena, and were connected with 
volcanic emptions. At the loot of the grand Tungoragna, 
near Feaape, on the hanks of the Hio Pnela, I £rst distinctly 
observed mi<^ slate resting on granite^ hrqiken tlm>ngh by a 
'volcanic rock. 

In the voloa3EBc chain of the New Continent, the separate 
volcanoes are occasionallyi when near together, m mutual de- 
pendence upon one anolher ; and it is even seen that the vol- 
canic activity for centuries together has moved on in one and 
the same ^tirection, aa, for instance^ from north to south in the 
province of Quito.* TThe focus of the volcanic action lies be- 
low the -whole of the highlands of this province ; the only 
ohannels of communication with the atmosphere are, howev- 
.er» those mountains which we designate by special names, as 
the mountains of Pichincha, Cotopaxi, and Tunguragua, and 
which, from their grouping, elevation, and form* constitute tho 
grandest and most picturesque spectacle to be found in any 
▼oksaaic district of an equally limited extent. Experioiee 
Mkawu us, in maay instances, that the extremities of sudi 
grot^ of volcanic chains are conneded together I^ subterra^ 
nean communications; and this fact reminds us of the ancient 
and l^ue egression siade use of by S«i!eca,t that the igneous 
mountain n only the iBsite of tl^ more deeply-seated volcanic 
Ibroes. In the Mexican highlands a mutual dependence is 

* Humboldt, GeogvKTst- Beobadh,^heT die Vfdkane det HoeMandes-wm 
Qtf<ft>, in Pogsend., Anntd, der Phifw&c, bd. zliv., b. 194. 

f Seneca, while be i^aks very clearly r-egarding the i>roblematical 
sinking of ^tiui, says in his 79th letter, '' 'Tboagh this might happen, 
not because the mountain's height is lowered, but because the fires are 
'weakened, and do not blfera out with llieir former vehemence ; and for 
which reason it is that sach vast clouds of smoke are not seen in the 
day-time. Yet neither of these seem incredible, for the mountain may 
posnbly be consumed by being daily devoured, and the fiz^ not be so 
large as formerly, nnce it is not self-generated here, but us kindled in 
the distant bowels of the earth, and there rages, being fed with con- 
tinual fuel, not with that of the mountain, ^uough whi<m it only makes 
its passage.'' The subtecraneaa ccMumonication, ''by galleries," be- 
tween the volcanoes of fiioily, L^ri, Pitbeousa (Isohia), and Vesuvius,. 
" of the last of which we mny comecture that it formerly burned and 
presented a fiery ■ei»3la,'*-0eems &uly understood by Strabo (lib. i., p. 
947 and 248). He tMtni the whoto distriot ''aab-igDMUs." 
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-alio obflerved to exist among the volcanic mountains Oriza- 
ba, Popocatepetl, JoruUo, and Colima ; and I have shown^* 
that they all lie in one direction between 18"^ 59' and IQ'^ 12' 
north latitude, and are situated in a transverse fissure running 
from sea to sea. The volcano of Jorullo broke forth on the 
29th of September, 1759, exactly in this direction, and over 
(he same transverse fissure, being elevated to a height of 1 604 
feet above the level of the surrounding plain. The mountain 
only once emitted an eruption of lava, in the same manner as 
is recorded of Mount Epomeo in Ischia, in the year 1302 
But although Jorullo, which is eighty miles from any active 
volcano, is in the strict sense of the word a new mountain, it 
must not be compared with Monte Nuovo, near Pnzzuolo, 
which first appeared on the 19th of September, 1538, and is 
rather to be classed among craters of elevation. I believe 
that I have fiirnished a more natural explanation of the erup- 
tion of the Mexican volcano, in comparing its. appearance to 
the elevation of the Hill of Methone, now Methana, in the 
peninsula of TroBzene. The description given by Strabo and 
Pausanias of this elevation, led one of the Roman poets, most 
celebrated for his richness of fancy, to develop views which 
agree in a remarkable manner with the theory of modem 
geognosy. " Near TroBzene is a tumulus, steep and devoid of 
trees, once a plain, now a mountain. The vapors inclosed in 
dark caverns in vain seek a passage by which they may escape. 
The heaving earth, infiated by the fi>rce of the compressed 
vapors, expands like a bladder filled with air, or like a goat- 
skm. The ground has remained thus infiated, and the high 
projecting eminence has been solidified by time intor a naked 
rock." Thus picturesquely, and, as analogous phenomena 
justify us in believing, thus truly has Ovid described that 
great natural phenomenon which occurred 282 years before 
our era, and, consequently, 45 years before the volcanic sepa- 
ration of Thera (Santorino) and Therasia, between Troezene 
and Epidaurus, on the same spot where Russegger has found 
veins of trachyte.f 

* Humboldt, Essai Politique sur la Nouv. Espagne, t. ii., p. 173-175. 
f Ovid's descriptioo of the eruption of Methone (^Metam., xv., p. 296- 
306): 

" Near TrcBzene stands a hOI, exposed in air 

To winter winds, of leafy shadows haxt : 

This once was level ground ; but (strange to t^) 

Th' included vapors, that in caverns dwell, 

Lab(Mring with colic pangs, and close confined. 

In vain sought issue for the rumbling wind : 

Yet still they heaved for vent, and heaving still, 

Enlarged the concave and shot up the hi}( 
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,321 Santorino is the most important of, all the islands cf erup- 

J,,. Mon belonging to volcanic chains.* " It combine* within it- 

JU' jj' ■ ' "■ ' ' — — ~— — — ' 

Ajs breath extends a bladder, or iSie skins * 

•iil!. Of goats are blown f inclose the hoarded wines ; 

^ . « The mountain yet retains a mountain's face, 

"•^ And gathered rubbish heads the hollow space." 

lU Dry dm' a Tranekttum. 

ler:. This desicription of a dome-sluiped elevation on the oontineut ib of 

y great importance in a geo^ostical point of view, and coincides to a re- 

markable de^ee with Aristotle's apcount (Meteor. , ii., 8, 17-19) of the 
-'^ upheaval of islands of eruption ; "The heaving of the earth does not 

K cease till the wind (aveftog) which occasions the shocks has made its 

/|^' escape into the cmst of the eorth. It is not long ago since this actually 

^^ happened at Heraclea in Fontus, and a similar event formerly occurred 

^JT at Hiera, one of the iEolian Islands. A portion of the earth swelled up, 

!!'• and with loud noise rose into the form of a hill, till the mighty urging 

^ blast (irvevfia) found an outlet, and ejected sparks and ashes which 

j covered the neighborhood of Lipari, and even extended to several 

Italian cities." In this descnptj,on, the vesicular distension of the 
''^ earth's crust (a stage at which many trachytic mountains have remained) 

flJ is very well distinguished from the eruption itself. Strabo, lib. i., p. 

51, 59 (Casaubon), likewise describes the phenomenon as it occurred at 

' Methone : near the town, in the Bay of Hermione, there arose a flaming 

eruption ; a fiery mountain, seven (?) stadia in height, was then thrown 
^' up, which during the day was inaccessible froni its heat and sulphure- 

;; ous stench, but at night evolved an agreeable odor (?), and was so hot 

that the sea boiled for a distance of five stadia, and was turbid for full 
twenty stadia, and also was filled with detached masses of rock. Re- 
^ garding the present miueralogica^ character of the peninsula of Methana, 

^ see Fiedler, Reise durch Griechenland, th. i., s. 257-263. 

i * [I am indebted to the kindness of Professor E. Forbes for the fol- 

U lowing interesting account of the island of Santorino, and the adjacent 

islands of Neokaimeni and Microkaimeni. " The aspect of the bay is 
■ that of a great crater filled with water, Thera and Therasia forming its 

i walls, and the other islands being after-productions in its center. Wa 

i sounded with 250 fathoms of line in the middle of the bay, between 

, Therasia and the main islands, but got no bottom. Both these islands 

appear to be nmilarly formed of successive strata of volcanic ashes, 
which, being of the most vivid and variegated colors, present a striking 
contrast to the black and cindery aspect of the central isles. Neokai- 
meni, the last-formed island, is a great heap of obsidian and scorise. 
80, also, is the greater mass, Microkaimeni, which rises up in a conical 
form, and has a cavity or crater. On one side of this island, however, 
a section is exposed, and cliffs of fine pumiceous ash appear stratified 
in the greater islands. In the main island, the volcanic strata abut 
against the limestone mass of Mount St. Elias in such a way as to lead 
to the inference that they were deposited in a sea bottom in which the 
present mountain rose as a submarine mass of rock. The people at 
Santorino assured us that subterranean noises are not unfrequeutly 
heard, especially during calms and south winds, when they ^ay the 
Mrater of parts of the bay becomes the color of sulphur. My own im. 
pression is, that this group of islands constitutes a crater of elevation, 
of which the outer ones aire the remains of the walls, while the centi-al 
group are of later origin, and consist partly of upheaved sea bottoms 
Vol. I.— L 
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■df the biftory of all idands of ekvstioii. For upward of 
2000 yean, as far as history and tradition certify, it wonkl 
appear a« if nature were etriving to form a volcano in the 
midst of the orater of elevation.'** Similar insular eleva- 
tions, and almost always at regular intervals of 80 or 90 
years,! have been manifested in the island of St. Michael, in 
the Azores ; but in this case the bottom of the sea has sot 
been elevated at exactly the same parts4 The island which 
Captain TiUard named Sabrina, appeared unfortunately at 
a time (the 30th of January, 1811) when the political rela* 
tions of the maritime nations of Western Europe prevented 
that attention being bestowed upon the subject by scientifie 
institutions which was afterward directed to the sudden ap- 
pearance (the 2d of July, 1831), and the speedy destruction of 
the igneous island of Ferdinandea in the Sicilian Sea, between 
the hmestone shores of Sciacca and the purely volcanio island 
of Pantellaria.i 

and partly of erupted matter — erapted, however, beneath the sorfaca 
ofthe water."]— Tr. 

• Leop. von Each, Phytik, Besekr. der Canor, Inteln, a. 356-358, 
and particularly the French translation of this excellent work, p. 402 ; 
and his memoir in Poggendorf's Annaleut bd. xxzviii., s. 183. A sub- 
marine island has quite recently mad^ its appearance within the crater 
of Santorino. In 1810 it was still fifteen fatnoms below the sur&ce of 
the sea, but in 1830 it had risen to within three or four. It rises steeply, 
like a great cone, from the bottom of the sea, and the continuous ac 
tivity of ^e submarine crater is obvious from the circumstance that sul- 
phurous acid vapors are mixed vnth the sea water, in the eastern bay 
of Neokaimeni, m the same manner as at VromoHmni, near Melhana. 
Coppered ships lie at anchor in the bay in order to get their bottoms 
cleaned and polished by this natural (volcanic) process. (Virlet, in the 
Bulletin de la SociitS Oiologique de Frcmcet t. iii., p. 109, and Fiedler, 
Reise durch Oriechenland, th. ii., s. 469 and 584.) 

t Appearance of a new island near St. Miguel, one of the Azores, 11th 
of June, 1638, 31st of December, 1719, 13th of June, 1811. 

X [Mv esteemed friend, Dr. Webster, professor of Chemistry and 
Mineralogy at Harvard College, Cambridge, Massachusetts, V, S., in 
his Description of the Island of 8t. Michael^ i^e.y Boston, 1822, gives an 
interesting account of the sudden appearance of the island named Ba- 
brina, which was about a mile in circumference, and two or three 
hundred feet above the level of the ocean. After continuing for some 
weeks, it sank into the sea. Dr. Webster describes the whcde of the 
island of St. Michael as volcanic, and containing a number of conical 
hiDs of trachyte, several of which have craters, and appear at some 
former time to have been the openings of volcanoes. The hot springs 
which abound in the island are impregnated with sulphureted hydro- 
gen and carbonic acid gases, appearing to attest the existence of vol- 
canic action.^ — Tr. 

f i*r6vo8t, m the Bulletin de H SociM Giologique, t. iii., p. 84 ; Fried- 
rich Hoflfman, Hintertussene Werke, bd. ii., s. 451-456. 
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" Tlie geographical dkitibution of the volcanoes which have 
been in a state of aotirity daring historical times, the great 
numher of insular and littoral rolcanic mountains, and the oc- 
casional, although ephemeral, eruptions in the bottom of the 
sea, early led to the belief that volcanic activity was connect- 
ed with the neighborhood of the 86a, and was dependent upon 
it for its continuance. ** For many hundred years," says Jns- 
tiniati, or rather Ttogvm Pcnsipeias, whom he follows,* ** -^tna 
and the ^otian Islands have been burning, and how could 
this have continued so long if the fife had not been fed by the^ 

• " Accedant vicini et perpetoji ^tose montis ignes et iosalaram 
iSolidam, velati ipsis ondis alstor incendium ; neque enim alitor durare 
tot deeiUis tantas ignis potoiiMet, nisi faamori* nutrimentis aleretur.'* 
(Jastin, Hist. PkUipp.j iv., i.) The yokaiiic theory with which the 
physical description of Sicily here begins is extremely intricate. Deep 
strata of sulphur and resin ; a very thin soil iiill of cavities and easily 
fiiBsured ; violent motion of the waves of the sea, which, as they strike 
together, draw down the air (the wind) for the mvintenance of the fire : 
such are the elements of the theory of Trogus. Since he seems from 
Pliny (xi., 52) to have been a physiognomist, we may presume that his 
numerous lost works were not confined to history alone. The opinion 
that air is fo:^ced into the interior of the earth, there to act on the vol- 
canic fomaces, was connected by the ancients vrith the supposed inflUf 
ence of winds from different quarters qn the intensity of the -fires burn- 
ing in ^tna, Hiera, and Strombdli. . (Qee the remarkable passage in 
Strabo, lib. vi., p. 275 and 276.) The mountain island of Stromboli 
(Strongyle) was regarded, therefore, as the dwelling-place of ^olus, 
"the regulator of the winds,'* in conseqtfence of the tailors foretelling 
the weather from the activity of the volcanic eruptions of this island. 
The connection between the eruption of a small volcano with the state 
of the barometer and the direction of the wind is still generally recogj 
iiized (Leop. von Bnch, Deter. PUy$. des 11^ Oanariett p. 334 ; Hoff. 
mann, in Poggend., Annaleny bd. xxvi., s. ^ii*)» although our present 
knowledge of volcanic phenomena, ttad the slight changes of atmos- 
pheric pressure accompanying our winds, do not enable us to offer any 
satisfactory explanation of the fact. Bembo, who during his youth was 
brought up in Sicily by Greek refugees, gave an agreeable narrative of 
his wanderings, ana in his ^fna Dialogus (written in the middle of 
the sixteenth century) advances the theory of the pMietration of sea 
water to the tery center of the volcanic action, and of the necessity of 
the proximity of the sea to aclive volcanoes. In ascending i£tna the 
following question was proposed : ** Bxplana potiuft nobis quse {>etimusi 
ea incendia unde oriaatar et orta qnoraodo perdurent. In omni teUnre 
nnspiam majores fistulas aut meatus ampliores sunt quam in locis, qua? 
vel mari vieina smit, vel a oMri piDtinus allountar ; mare erodit ilia 
fiicilMme pergitqtie in viseeHi teme. Itaqne cum in aliena regna sibi 
viam faciat, ventis etiftm facit; ex quo fit, nt looa quieque marittraa 
maxime terne motibos sablecta aint, parnm mediterranea. Habea 
quum in snlfiiris venas venti rartfnfed inciderint^ unde incendia oiiantur 
iEtnae tuse. Vides, quae mare in radicibns habeat, quae sulfurea sit, 
quae cavernosa, quae a mari aliquando perforata ventos admiseiit aettn- 
antes, per qnos idonea flammae materies incenderetnr." 
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neighboring sea?"* In order to explain the necessity of the 
vicinity of the sea, recourse has been had, even in modem 
times, to the hypothesis of the penetration of sea water into 
the foci of volcanic agency, that is to say, into deep-seated 
terrestrial strata. When I collect together all the facts that 
may be derived from my own observation and the laborioua 
researches of others, it appears to me that every thing in this 
involved investigation depends upon the questions whether the 
great quantity of aqueous vapors, which are unquestionably 
exhaled from volcanoes even when in a state of rest, be de^ 
rived from sea water impregnated with salt, or rather, perhaps, 
with fresh meteoric water ; or whether the expansive force of 
the vapors (which, at a depth of nearly 94,000 feet, is equal 
to 2800 atmospheres) would be able at different depths to 
counterbalance the hydrostatic pressure of the sea, and thus 
afford them, under certain conditions, a free access to the 
focus ;t or whether the formation of metallic chlorids, the 
presence of chlorid of sodium in the fissures of the crater, and 
the frequent mixture of hydrochloric acid with the aqueous 
vapors, necessarily imply access of sea water ; or, finally, 
whether the repose of volcanoes (either when temporary, or 
permanent and complete) depends upon the closure of the 
channels by which the sea or meteoric water was conveyed, 
or whether the absence of flames and of exhalations of hydrogen 
(and sulphureted hydrogen gas seems more characteristic of 
solfataras than of active volcanoes) is not directly at variance 

* [Although extinct volcanoes «eem by no means confined to the 
neighborhood of the present seas, being often scattered over the most 
inland portions of our existing continents, yet it will appear that, at the 
time at which they were in an active state, the greater part were in the 
neighborhood either of the sea, or of the extensive salt or fresh water 
lakes, which existed at that period over much of what is now dry laud. 
This may be seen either by referring to Dr. Bou6's map of Europe, or 
to that published by Mr. Lyell in the recent edition of his Principles of 
Geology (1847), from both of which it will become apparent that, at a 
• Gomparativelv recent epoch, those parts of France, of'Grermany, of 
Hungary, and of Italy, which afford evidences of volcanic action now 
extinct, were covered by the ocean. Daubeney On Volcanoes, p, 605.] 

t Compare Gay-Lussac, Sur lea Volcant, in the Annaie» de Chitmef 
t. xxii., p. 427, and Bischof, Wdrmelehre, s. 272. The eruptions of 
smoke and steam which have at different periods been seen in Lance- 
rote, Icehmd, and the Kurile Islands, during the eruption of the neigh- 
boring volcanoes, afford indications of the reaction of volcanic rocl 
through tense columns of water; that is to say, these phenomena oc- 
cur when t^e exp«insive force of the vapor exceeds the hydrostatic 
pressure. 
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with the hypothauB of the decomposituHi of great maflses of 
water?* 

The discussion of these important physical questions does 
not come within the scope of a work of this nature ; but, while 
we are considering these phenomena, we would enter somewhat 
more into the question of the geographical distribution of still 
active volcanoes. We find, for instance, that in the New World, 
three, viz., Jorullo, Popocatepetl, and the volcano of De la 
Fragua, are situated at the respective distances of 80, 132, 
and 196 miles from the sea-coast, while in Central Afia, as 
Abel Remusatf first made known to geognoeists, the Thian« 
schan (Celestial Mountains), in which are situated the lava- 
emitting mountain of Penschan, the solfatara of Urumtsi, and 
the still active igneous mountain (Ho-tscheu) of Turfan, lie at 
an almost equal distance (1480 to 1528 miles) &om the shores 
of the Polar Sea and those of the Indian Ocean, Pe-schim is 
also fuUy 1360 miles distant from the Caspian Sea,t and 172 
and 218 miles from the sea^ of Issikul and Balkasch. It is 
a fact worthy of notice, that among the four great parallel 
mountain chains which traverse the Asiatic continent from 
east to west, the Altai, the Thianschan, the Kuen-lun, and 
the Himalaya, it is not the latter chain, which is nearest to 
the ocean, but the two inner ranges, the Thianschan and the 
Kuen4un', at the distance of 1600 and 720 miles from the sea, 
which have fire-emitting mountains like JEtna and Vesuvius, 
and generate ammonia like the volcano of Guatimala. Chi- 
nese writers undoubtedly speak of lava streams when they de- 
scribe the emissions of smoke and flame, which, issuing from 
Pe-schan, devastated a space measuring ten lit in the first 
and seventh centuries of our era. Burning masses of stone 
flowed, according to their description, " like thin melted fat." 
The facts that have been enumerated, and to which sufiicient 
attention has not been bestowed, render it probable that the 
vicinity of the sea, and the penetration of sea water to the foci 
of volcanoes, are not absolutely necessary to the eruption of 

* [See Daubeney On VoleanoeSf Part iii., ch. xxxvi., zxxviii., zxxix.] 
— rr. 

t Abel B6mu8at, Lettre ^ Af. Cordiery in the AntuUea de CUmie^ t, v., 
p. 137. 

X Humboldt, Aaie CerUrale, t. ii., p. 30-33, 38-52, 70-80, and 426-428. 
The existence of active volcanoes in Kordofan, 540 miles from the Red 
Sea, has been recently contradicted by RQppell, Reuen in NubUny 1829, 
a. 151. . ^ 

$ [ A /t is a Chinese measarement, equal to about one thirtieth of a 
mile.]— Tr. 
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subtetraneaJOL fire, and tkat Ihtorai atuatioDfl oniiy faror thv 
eruption by forming the margin of a deep sea basin, vrhicfa, 
eovered by strata of water, and lying many thousand &et lower 
than the interior continent, can oier bat an inconsiderablo 
decfree of resiatance. 

The pseseot aetive yd c anoeg , which comaattniGate by per- 
manent «rateffi simultaneously with the interior of the earth 
and with the atmosphere, must hav^e been formed at a subse- 
quent period, when the upper chalk strata and all the tertiary 
£>rmations were already present : this is daown to he tiie £u^ 
by the trachytic and basaltic erupticms which frequently form 
the walls of the ccater of elevation. Melaphyies extend to tha 
middle terttkry formations, but axe ibuad akeady in tbe Jura 
limestone, where they break through theyariegated aandi^»ne.* 
We must not oonibund the earlier outpourings of granite, quarts 
ose porphyry, and euphotide from temporary fissures in the old 
transition rocks with the present aetiTe voieanic craters. 

The extinction of volcanic activity is either c»ily partial*^ 
in which ease the subterranean fire seeks another passage of 
escape in the same mountam chain-^-^r it is total, as in Au<> 
vergne. . More recent examples are recorded in historical times, 
of the total extinction iof the volcano of Mo^ehlo6,t on the 
island sacred to Hephssstos (Vulcan), whose *' high whirling 
flames" were known to Sophocles ; and of the volcano ef Me- 
dina, whidi, according to Burckkardt, still eoiltinued to poiur 
out a stream of lava on the 2d of November, 1276. Every 
stage of volcanic activity, from its first origin to its extinctioa« 
is eharacterized by ^uhar products ; first by ^ited scorisB, 
streams of lava ^sonsisting of trachyte, pyroxene, and obsidian, 
and by rapiUi and tufaceous ashes, accompanied by the deveL- 

* Dufr6noy et EHe de Beaumont, Explication de Id CaHe Oiaiogicm^ 
de la France, t. i.^p. 89. 

t Sophocl.,PA«foc*,,v.,»71and:972. On the stipppaed. epoch of the 
extinctiqji of the Lemnian fire in the time of Alexander, compare Butt- 
mann, in the Museum der Alterthumswissensehafi, bd. i., 1807, ». 295 ; 
Dureau de la Malle, in Malte-Bran, Annales des Voyages, t. ix., 1809, 
p. 5 ; Ukert, in Bei^toch, Oeogr. EfhemeridenjhA, xxzix., 1812, b. 361 ; 
Rhode, Res Lemnica, 1829, p. 8 ; and Walter, Ueber Abnahme der VtU^ 
ion. Tkddgkek in Hisiorischcn Zdten, 1844, s. 24. The chart of Lem- 
no8, constructed by Choiseul, makes it extremely probable that the ojc- 
tinct crater of Mosychlos, and the idand of €fary«e, tbe4esert habitation 
of Philoctetes (OtJHed Mfiller, Minyer, 8. 300), have been I<»ig swat- 
lowed up by the sea. Reefs and shoals, to the northeast of Lemnoc^ 
•till indicate the spot where the iEgean Sea once possessed an active 
%olcMio Uke SAOA, Vesuvius, Stromixyli, and Volcano {in the Lipari 
I»les). ^ . 
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opmcuit of laige quantities of jnuee aqueous vapor ; gubsequent- 
ly, wh^i the vokano becomes a solfatajra, by aqueous vapovs 
mixed with Bulphoreted hydrogen and carbonic acid gases ; 
and, finally, when it is completely cooled, by exhalations of 
carbonic acid alone. There is a remarkable class of igneous 
mountains which do not eject lava, but merely devastating 
streams of hot witber,* impregnated with burning sulphur and 
rocks reduced to a state of dust (as, for instance, ^e Galun- 
gung in Java) ; but whether these mountains present a normal 
condition, or only a certain transitory modification of the vol- 
canic process, must remain undecided until they are visited by 
geologists possessed of a knowledge of chemiatiy in its pres^at 
condition. 

Z have end^ivored in tibe above remarks to furnish a gen- 
eral desenption of volpanoes — >compri6ing (me of the most im- 
portant sections of the history of terrestrial activity — ^and I 
have based my statements partly on my own observations, but 
more in their general bearin^ on the results yielded by the hu- 
faors of my old fidend, JLieopold von Buch, the greatest geogno* 
sist of our own age, and the first who recognized the intimate 
collection of volcajodo phenomena, and their mutual depend- 
ence upon ^ne another, considered with reference to their rela/* 
tions in space. 

Volcanic action, or ih.e reaction of the interior of a planet on 
its external crust and surface, was long regarded only as an 
isolated phenomenon, and was considered solely with respect 
to the disturbing action of the subterranean force ; and it i^ 
only in recent times that-^-greatly to the advantage of geogf 
nostical views based on physical analogies — ^volcanic foroet 
have been regarded sl& forming new rocks, and transforming 
those that already exited. We here arrive at the point to 
which I have already aUuded, at which a well-grounded study 
of the activity of volcanoes, whether igneous or merely such 
as emit gaseous exhalations, leads us, on the one hand, to the 
mineralogical branch of geognosy (the science of the texture 
ajid the succession of terrestrial strata), and, on the other, to 
the science of geographical forms and outlines — ^the configura- 
tion of continents and insular groups elevated above the level 

* Oompare Reiawardt and Hoffmann, in Poggendorf *8 XnnoZett, bd. 
xii., 8. 607 ; Leop. von Bach, De^er. des lies Ca$ianes, p. 424-426. The 
•eraptions of argillaceous mud at Cargoairazo, when that volcano inras 
destroyed in 1698, the Lodazales of Igualata, and the Moya of Pelileo 
4— all on the table-land of Quito — are volcanic phenomena of a similar 
nature. 
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of the sea. This extended insight into the connection of nat- 
ural phenomena is the result of the philosophical direction 
which has heen so generally assumed hy the more earnest 
study of geognosy. Increased cultivation of scienee and en- 
largement of political views alike tend to unite elements that 
had long heen divided. 

If, instead of classifying vocks according to their varieties of 
form and superposition into stratified and unstratified, schistose 
and compact, normal and ahnormal, v/e investigate those phe- 
nomena of formation and transformation virhieh are still going 
on hefore our eyes, we shall find that rocks admit of heing ar- 
ranged according to four modes of origin. 

Rocks of eruption, which have issued from the interior of 
the earth either in a state of fusion from volcanic action, or 
in a more or less soft, viscous condition, from Plutonic action. 

Sedimenta/ry rocks, which have heen precipitated and de- 
posited on the earth's surface from a fluid, in which the most 
minute particles were either dissolved or held in suspension, 
constituting the greater part of the secondary (or flbtz) and 
tertiary groups. 

Transformed or metamorpkic rocks,^ in which the internal 
texture and the mode of stratification have heen changed, ei* 

* [As the doctrine of mineral metamorphism is now exciting very 
general attention, we subjoin a few explanatory observations by the 
celebrated Swiss phUoso][N£ker, Fn^essor Stoder, taken irom the EditJs 
New Philos. Joum., Jan., 1848: " In its widest sense, mineral metar 
morphism means every change of aggregation, structure, or chemical 
conaition which rocks nave undergone subsequently to their deposition 
and stratification, or the effects wnich have oeen produced by other 
forces than gravity and cohesion. There fall under this, definition, the 
discoloration of the surface of black limestone by the loss of carbon ; 
the formation of brownish-red crusts on rocks of limestone, sandstone, 
many slate stones, serpentine, eranite, &c., by the decomposition of iron 
pyrites, or magnetic iron, finely disseminated in the mass of the rock ; 
the conversion of anhydrite into ffypwua, in consequence of the absorp- 
tion of water ; the crumbling of many granites and porphyries into 
pravel, occasioned by the decomposition of the mica and feldspar. In 
Its more limited sense, the term metamorphic is confined to those 
changes of the rock which are produced, not by the effect of the at- 
mospnere or of water on the exposed surfaces, but which are produced^ 
directly or indirectly, by agencies seated in the interior of the earth. 
In many cases the mode oi change may be explained by our physical 
or chemical theories, and may be viewed as the effect of temperature 
or of electro-chemical actions. Adjoining rocks, or connecting com- 
munications with the interior of the earth, also distinctly point out the 
seat from which the change proceeds. In many other cases the met»» 
morphic process itself remains a mystery, and from the nature of the 
products alone do we conclude that snch a metamorphic action boa 
taken place.] — TV. 
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Iber by contact or proximity with a Plutonic or volcanic en- 
dogenous rock of eruption,* or» what is more frequently the 
case» by a gaseous sublimation of substancesf which accom- 
pany certain masses erupted in a hot, fluid condition. 

Conglomerates; coarse or finely granular sandstones, or 
breccias composed of mechanically-divided masses of the three 
previous species. 

These four modes of formation — by the emission of volcanic 
masses, as narrow lava streams ; by the action of these masses 
on rocks previously hardened ; by mechanical separaticHi or 
chemical precipitation from Hquids impregnated with carbonic 
acid ; and, finally, by the cementation of disintegrated rocks 
of heterogeneous nature— are phenomena and formative pro- 
cesses which must merely be regarded as a faint reflection of 
that more energetic activity which must have characterized 
the chaotic condition of the earlier world under wholly difler- 
ent conditions of pressure and at a higher temperature, not 
only in the whole crust of the earth, but likewise in the more 

* In a plan of the neighborhood of Tezcuco, Totonilco, and Moran 
{AU<i$ O6ographique et PhynqutCt pL vii.), which I originally (1803) 
intended for a woik which X never published, entitled PcLsigraJia Qeog- 
noatica deatinada al %l»o de los Jbvenes del Colegio de Mineria de Mexi- 
co, I named (in 1832J the Platonic and volcanic eruptive rocks endoge- 
nous (generated in tne interior), and the sedimentary and fltttz rocks 
exogenous (or generated externally on the surface of the earth). Pasi- 
graphically, the former were designated by an arrow directed up- 
ward t, and the latter by the same Bymbol directed downward 4. 
These signs have at least some advantage oyer the ascending lines, 
which in the older systems represent arbitrarily and nngracefculy the 
horizontally ranged sedimentary strata, and their penetration through 
masses of basalt, porphyry, and syenite. The names proposed in the 
pasigraphico-geognostic plan were borrowed from De CandoUe's nomen- 
clature, in which endogenous is synonymous with monocotyledonous, 
and exogenous with dicotyledonous plants. MohPs more accurate ex- 
amination of vegetable tissues has, however, shown that the growth of 
monocotyledons from within,, and dicotyledons from without, is not 
strictly and generally true for vegetable organisms (Link, Elemenia 
Fhilosophia BoiamctBy t. i., 1837, p. 287 ; EndUcher aud Unger, Orund- 
zfige der Botanik, 1843, s. 89 ; and Jussieu, TraiU de BotaniquSf t, i., 
p. 85). The rocks which I have termed endogendus'&re characteristic>- 
aUy distinguished by Lyell, in his Principles ^ Qeology, 1833, vol. iii.-, 
p. 374, as " nether-formed" or ''* hypogene rooks." 

. t Compare Leop. von Buch, Ueber.DblomU als Qdnrgscni, 1823, j. 
36 ; and his remarks on the degiee of fluidity to be ascribed to Plutonio 
rocks at the period of their eruption, as well as on the formation of 
gneiss from schist, through the action of granite and of the substances 
upheaved with it, to be found in the Abkandl, der Akad. der Wtssen^ 
sch, zu Berlin for the year 1842, s. 58 und 63, and in the Jahrhuch fitr 
Wissenschaftliche Kritik, 1840, s. 195. 
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-eaetended atmeBphere, overkaied mth sapors. The vast £^ 
Bores which were foimerly open in the solid crust of the ea^tfe 
have siace been filled up or closed by the protrusion of eleva- 
ted mountain <shauia, or by the p^ietration of veins of rocks of 
eruption (granite, por|diyry , basalt, and Eoelaphyre) ; and while, 
oa a superficial area equal to that of Eurc^, th^re are now 
scarcely more than foar volcanoes remaining through which 
fire and stones are erupted, the thinner, more fissured, and un- 
stable crust of the earth was anciently almost every where 
covered by channels o£ communication between the fused in* 
teiior and the external atmo6{^ere. Gaseous «nanatioos, ris- 
ing from very unequal depths, and therefore conveying mib- 
stances difiering in their chemical nature, imparted greater 
activity to the Plutonic processes of fiufficiation and transf<»rmr 
ation. The sedimentary formations, the deposits of liquid fiuids 
finom cold and hot spring, which we daily see producing the 
travertine strata near Rome, and near Hpbart Town in Van 
Diemen^s Land, a^rd but a faint idea of the flotz £)rmatkon. 
In our seas, small banks of limestone, almost equal in hardness 
jat some parts to Carrara marble,* are in the course of forma- 
tion, by gradual precipitation, accumulation, and cementation 
— ^processes whose mode of action has not been sufficiently 
well investigated. The Sicilian coast, the island of Ascension^ 
and King George's Sound in Australia, are instances of this 
mode of formation. On the coasts of the Antilles, these 
formations of the present ocean contain articles of pottery, 
and other objects of human industry, and in Guadaloupe even 
human skeletons of the Carib tribes.t The negroes of the 
French colonies designate these formations by the name of 
Macanne-bonrlHeu.t A small oolitic bed, formed in Lan- 
cerote, one of the Canary Islands, and which, notwithstand- 

f Darwin, Volcanie Alandty 1844, p. 49 and 154. 

t [In most instances the bones are dispraised ; bat a lapge«Iab of rock, 
in which a eonsiderable portion of the skeleton of a female is imbedded, 
« preserved in Ike British Museum. The presence of these bones has 
been explained by the circttmstance of a battle, and the massacre of a 
tribe of GalHbis by the Garibs, whidi took place near the spot iu Which 
Ihey are found, about ISQ years a^o ; for, as the bodies of the slain 
were interred on the Sea-shore, their skeletons may have been subser 
m^il% covered b^r sand^rift, which has sinctf consolidated into lime- 
stone. Dr. Moultrie, of the Medioal CoHege, Charleston, South Caro- 
lina, y. S., is. however, of opinion that these bones did not belong to 
ix^diyidyuils of the Carib tribe, but of the Peruvian race, or of a tribe 
possesfiiig a similar craniological development. ]«* TV. 
. i Moreau de Jonn^s, Hist. PAy*. deg AtUiUei, t. i., p. 136, 138, and 
i543 ; Huiiiibol4t, R^ation Hislorique, t. iii., p. 367. 
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mg its reeent fcMrmatiou, b^ors a rosemblaiuse to Jnm ijioe- 
fitooe, has been recognized as a product of the sea mi of tem- 
pests.* 

Composite rocks are definite associations of certain oryctog- 
nostic, simple xninerals, as feldspar, mica, solid silex, augite, 
and nepheline. ^ocks very similar to tbec^, consisting of the 
same element^, but grouped diSerentlyi are still formed by 
volcapic processes, as in the earlier periods of the world. Th^ 
character of rooks, as we have already remarked, is so inde- 
pendent of geographical relations pf space,t that the geologist 
recognizes with surprise, alike to the. north or the south of 
the equator, in the remotest and most dissimilar zones, the 
familiar aspect, and the repetition of even the most m^ute 
characteristics in the periodic stratification of the silurian 
strata, and in the e Sects of contact with augitic^ masses of 
eruption. 

We will r^ow enter n^oxe fuUy into the consideration of the 
four modes in which rocks are formed — ^the fowc phases of 
their formative processes manifested in the stratified iM^d un- 
stratified portions of the earth's surface ; tJtms, in the endog" 
enaus or erupted rock$, designated by modern geognosists as 
compact and abnormal rooks, we may enumerate the follow- 
ing principal groups as immediate products of terrestrial ac- 
tivity : 

1. GraniCe and syenite of very difierent respective ages ; 
the granite is frequently the more recesnt,! traversing the sy- 
enite in veins, and being, in that case, the active upheaving 
agent. '' Where the granite occurs in large, insulated masses 
of a faintly-arched, ellipsoidal form, it is covered by a crust or 
shell cleft into blocks, instances of which are met with alike 
in the Hartz district, in Mysore, and in Lower Peru. This 
sea of rocks probably owes its origin to a contraction of the 
surface of the granite, owing to the great expansion that ac- 
companied its first upheaval."} 

Both in Northern Asia,|i on the charming and romantic 
shores of the Lake of Kolivan, on the northwest declivity of 

* Near Teguiza. Leop. von Buch, Canaruche Jnteln, S..301. 

t Leop. von Buch, op. cit., p. 9. 

t Beruhard Cotta, GeognosU, 1839, s. 273. 

$ Leop. Yon Buch, Ueber GroMt whd Gneiss, in the Jbkondl. dtr Bed* 
Akad, for the year 1842, s. 60. 

II In the projecting mural masses of granite of Lake Kolivan, diyided 
into narrow parallel beds, there are numeroas crystals of feldspar and 
ftlbite, and a few of titanium (Humboldt, Asie Centraltf t. i., p. 295; 
Gustav Rose, ReUe nach dem Ural, bd. i., fl. 524). 
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the Altai Mountains, and at Las Trincheras, on the slope of 
the littoral chain of Caraccas,* I have seen granite divided 
into ledges, owing probaMy to a similar contraction, although 
the divisions appeared to penetrate far into the interior. Fur- 
ther to the south of Lake Kolivan, toward the boundaries of 
the Chinese province Ili (betwee9 Buchtarminsk and the 
River Narym), the formation of the erupted rock, in which 
there is no gneiss, is more remarkable than I ever observed in 
any other part of the earth. The granite, which is always 
covered with scales and characterized by tabular divisions^ 
rises in the steppes, either in small hemispherical eminences, 
scarcely six or eight feet in height, or like basalt, in mounds, 
terminating on either side of their bases in narrow streams. f 
At the cataracts of the Orinoco, as well as in the district 
of the Fichtelgebirge (Seissen), in Galicia, and between the 
Pacific and the highlands of Mexico (en the Papagallo), I 
have seen granite in large, flattened spherical masses, which 
could be divided, like basalt, into concentric layers. In the 
valley of Irtysch, between Buchtarminsk and Ustkamenogorsk, 
granite covers transition slate for a space of four miles,{ pen- 
etrating into it from above in narrow, variously ramified, 
wedge-like veins. I have only instanced these peculiarities 
in ordOT to designate the individual character of one of the 
most generally diffused erupted rocks. As granite is super- 
posed on slate in Siberia and in the Departement de Finisterre 
(Isle de Mihau), so it covers the Jura limestone in the mount- 
ains of Qisons (Ferments), and syenite, and indirectly also 
chalk, in Saxony, near Weinbohla.§ Near Mursinsk, in the 
Uralian district, granite is of a drusous character, and here 
the i>ores, like the fissures and cavities of recent volcanic prod- 
nets, inclose many kinds of magnificent crystals, especially 
beryls and topazes. 

2. Quartzose forphyry is often found in the relation of 
veins to other rocks. The base is generally a finely granular 
mixture of the same elements which occur in the larger im- 

* Humboldt, Relation Historiquej t. ii., p. 99. 

t See the sketch of Biri-tau, which I took from the south g 



u., p. 497, and Esaai Oiogn. twr lea Otsement des Roches^ p. 78. 

t Humboldt, Asie Centraley t. i., p. 299-^11, and the drawings in 
Rose's ReUet bd. i., s. 611, hi which we see the curvature in the layers 
of granite which Loop, von Buch has pointed out as characteristic. 

9 This remarkable superposition was first described by Weiss ia 
Karsten's Archiv fUr Bergbau und HuUenwesen, bd. xvi., 1827, s. 5, 
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bedded crystals. In gfranitio porphyry that is very poor ia 
quartz, the feldspathic base is almost granular and laminated.* 

3. CrTeenstxmes, Diorite, are granular mixtures of white 
albite and blackish-green hornblende, forming dioritic porphy- 
ry when the crystals are deposited in a base of denser tissue. 
The greenstones, either pure, or inclosing laminse of diallage 
(as in the Fichtelgebirge), and passing into serpentine, have 
sometimes penetrated, in the form oi strata, into the old strat* 
ified fissures of green argillaceous slate, but they more fre^ 
quently traverse the rocks in veins, or appear as globular 
masses of greenstone^ similar to domes of basalt and porphyry .t 

Hypersthene rock is a granular mixture of labradorite and 
hypersthene* 

Euphotide and serpentine^ containing sometimes crystals 
of augite c^nd uralite instead of diallage, are thus nearly allied 
to another more frequent, and^ Z might almost say, more enr 
ergetic eruptive rock — augitic porphyry.t 

Mdaphyre, augitic, uralitic, and oligoklastic porphyries. 
To the last-named species belongs the genuine verd-antiqiis, 
so celebrated in the arts. 

Basalt, containing ohvine and constituents which gelatin- 
ize in acids ; phonolithe (porphyritic slate), trachyte, and dol-? 
erite ; the first of these rocks is only partially, and the second 
always, divided into thin laminsB, which give them an ap- 
pearance of stratification when extended over a large space. 
Mesotype and nepheline constitute, according to Girard, an 
important part in the composition and internal texture of ba- 
salt. The nepheline contained in basalt reminds the geog- 
nosist both : of the miascite of the Ilmen Mountains in the 
Ural,§ which has been confounded with granite, and some- 
times contains zirconium, and of the pyroxenic nepheline dis- 
covered by Gumprecht near Lobau and Chemnitz. 

To the seoond or sedimentary rocks belong the greater part 
of the formations which have been comprised under the old 

* Dafrenoy et Elie de Beautaont, Oiologie de la France, t. i., ^, 130. 

t These iateroalated beds of diprite play an important part in the 
moantain district of Nailau, near Steben, where I was engaged in 
mining operations in the last century, and with which the happiest as- 
sociations of my early life are connected. Compare Hoffmann, in Pog- 
gendorf's Annalen, bd. xvi., s. 558. 

t In the southern and Bashkirian portion of the Ural. Rose, Reise^ 
bd.ii.,8. 171. 

$ G. Rose, Reise nach dem Ural, bd. ii.. s. 47-53. Respecting the 
identity of eleolite and nepheline (the latter containing rather the more 
lime), see Scheerer, in Poggend., Annalen, bd. zliz., s. 359«>381« 
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^gt6Biatic» but not verj eoxvoot dofignatioii of tramkioM^fldt^ 
or $eo(mdary, and tertuiry formaiiom. If the erupted rocks 
kad not exerciaed an eleyating, and, owiag to the simultane- 
ons shock of the earth, a disturfaiag influence on these sedi- 
mentary formations, the surface of our planet would have 
consisted of strata arranged in a unifimnly horizontal direo- 
tion aboTc one anotheir* DkepriTed of mountain chains, on 
whoae declivities the gradations of vegetable fenns and the 
scale of the diminiflhing heat of the atmosphere appear to be 
picturesquely reflected— fiurowed only here and there by val- 
UjM of »06ion» formed by the force of iresh water moving oa 
in gentle undulaticKis, or by the accumulation of detritus, re- 
sulting from the action of currents of water— cpntiaentB would 
have presented no other appearance from pole to pole than 
the dreary uniformity of the llanos of South America or the 
steppes of Northern Asia. The vault of heaven would every 
where have appeared to rest <mi vast plains, and the atars to 
lise as if they emerged from the depths of ocean. Su<^ a 
condition of things could not, however, have generally pre- 
vailed for any length of time in the earlier periods of the 
world, since subteixanean farces must have stiiven in all ep- 
ochs to exert a counteracting influence^ 

Sedimentary strata have been either precipitated or depG#- 
ited from liquids, according as the materials entering into 
their composition are supposed, whether as hm^tone or ar- 
gillaceous slate, to be either chemically dissolved or suspend- 
ed and commingled. But earths, when dissolved in fluids, 
impregnated with carbonic acid, must be regarded as under- 
going a mechanical process while they are being precipitated^ 
deposited, and accumulated into strata. This view is of some 
importance with respect to the envelopment of organic bodies 
in petrifying calcareous beds. The most ancient sediments 
of the transition and secondary formations have probably been 
formed from water at a more or less high temperature, and 
at a time when the heat of the upper surfiaice of the earth 
was still very considerable. Considered in this point of view, 
a Plutonic action seems to a certain extent also to have taken 
place in the sedimentary strata, especially the more ancipnt ; 
but these strata appear to have been hardened into a schistose 
structure, and under great pressure, and not to have been 
solidified by cooling, like the rocks that have issued from the 
interior, as, for instance, granite, porphyry, and basalt. By 
degrees, as the waters lost their temperature, and were able 
to absorb a copious supply of the carbonic acid gas with which 
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the fttmoepfaere frag orexekftiged; tibtqr %e<(ai»e fitted l» kM 
ui flolutioxi a larger quaatity of lime. 

The sedimentary sircUa, setting aside all other exogeaous, 
purely zoechaiucal deposits of saud or detritus, are as foUows : 
> 8(Mst, of the lower and ujqper trausitioa rodk, eoxnposiog 
the siluxian and devooiaii ibimations ; from the lower silurian 
strata, which were once termed iuimbrian, to the upper strata 
of the old ired sandstone or deyctnian formatiQn> immediately 
in contact with the mountain limestone. 

Cardaniferom deposits .: 

Lime^anes imbedded in the tzaasition and carlxmiferous 
formations ; zechstein, muschelkalk, Jura foinnation and chalk» 
also that portion of the teatiary formation whioh is not include 
ed in sandstone and conglomerate. 

Trav&^ine, firesh-water limestone, and silicious couoretioiis 
of hot springs, formations which have uot been produced ua- 
der the pressure of a large body of sea water, but almost in 
ixumediate contact wilii the atmosphere, as in shallow marsh* 
es and streams. 

Infusorial deposits : geognostical phenomena, whose great 
importance in proving the iMuence of organic activity in the 
formation of the solid part of the eartk's crust was first dis- 
covered at a recent p^od by my highly-gifted &imd and M* 
low-traveler, Ehrenberg. 

If, in this short and superficial view of the mineral coU'^ 
stituents of the earth's crust, I do not place immediately after 
the simple sedimentary rocks the conglomerates and sandstone 
formaticms which have also been depoi^ted as sedimentary 
strata from liquids, and which have been imbedded alternate* 
ly with schist and limestone, it is only because they contain, 
together with the detritus of eruptive and sedimentary rocks» 
also the detritus of gneiss, mica date, and other metamorphio 
masses. The obscure process of this metamorphism, and the 
action it (voduces, must there&re compose the third class of 
the fundamental forms of rock. 

Endogenous or erupted rocks (granite, porphyry, and melfit* 
phyre) produce, as I have alresidy frequently remarked, not 
only dynamical, shaking, upheaving actions, either vertically 
or laterally displacing the strata, but they also occasion chang- 
es in their chemical composition as weU as in the nature of 
their internal structure; new rocks being thus formed, as 
gneiss, mica elate, and granular limestone (Carrara and Pa- 
rian marble). The old silurian or devonian transition schists, 
the belemnitic limestone of Tarantaise, and the dull gray cal- 
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eareoas sandstone {MacigfU})^ which contains alga found ia 
the northern Apennines, oflen assume a new and more brill- 
iant appearance after their metamorphosis, which renders it 
difficult to recognize them. The theory of metamorphiBm 
was not established until the individual phases of the change 
were followed step by step, and direct chemical experiments 
on the difierence in the fusion point, in the pressure and time 
of cooling, were brought in aid of mere inductive conclusions. 
Where the study of chemical combinations is regulated by 
leading ideas,* it may be the means of throwing a clear light 
on the wide field of geognosy, and over the vast laboratory of 
nature in which rocks are continually being formed and mod^ 
ified by the agency of subterranean forces. The philosophical 
inquirer will escape the deception of apparent analogies, and 
the danger of being led astray by a narrow view of natural 
phenomena, if he constantly bear in view the complicated 
conditions which may, by the intensity of their force, have 
modified the counteracting efiect of those individual substan- 
ces whose nature is better known to us. Simple bodies have, 
no doubt, at all periods, obeyed the same laws of attraction, 
and, wherever apparent contradictions present themselves, I 
am confident that chemistry will in most cases be able to 
trace the cause to some corresponding error in the experiment. 
Observations made with extreme accuracy over large tracts 
of land, show that erupted rocks have not been produced in an 
irregular and unsystematic manner. In parts of the globe most 
remote from one another, we often find that granite, basalt, and 
diorite have exercised a regular and uniform metamorphic ac- 
tion, even in the minutest details, on the strata of argillaceous 
slate, dense limestone, and the grains of quartz in sand^ones. 
As the same endogenous rock manifests almost every where the 
same degree of activity, so, on the contrary, different rocks be- 
longing to the same class, whether to the endogenous or the 
erupted, exhibit great differences in their character. Intense 
heat has undoubtedly influenced all these phenomena, but the 
degree of fluidity (the more or less perfect mobility of the parti- 
cles — ^their more viscous composition) has varied very consid- 
erably from the granite to the basalt, while at diflerent geo* 

* See ffae admirable researches of Mitscherlich, in the Abhandl. der 
Berl. Akad, for the years 1822' and 1823, s. 25-41 ; and in Paggend., 
Annalen, bd. x., a. 137-152; bd. xi., s. 323-332; bd. xli., s. 213-5^16. 
(Gustav Rose, Ueber Bildung dts Kalkspatks und AragonitSf in Pog- 
gend., Annalen, bd. xli., s, 353-366; Haidinger, in the TraruaeHon* 
ofth^ Royal Society of Edinburgh^ 1827, p. 148.) 
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logical periods (or metamorphic phased of the earth's crust) 
other substances dissolved in vapors have issued from the in- 
terior of the earth simultaneously with the eruption of granite, 
basalt, greenstone porphyry, and serpentine. This seems a 
fitting place again to draw attention to the fact that, accord- 
ing to the admirable views of modem geognosy, the meta- 
morphism of rocks is not a mere phenomenon of contact, limit- 
ed to the efiect produced by the apposition of two rocks, since 
it comprehends all the generic phenomena that have accom- 
panied the appearance of a particular erupted mass. Even 
where there is no immediate contact, the proximity of such a 
mass gives rise to modifications of solidification, cohesion, graiv- 
Illation, and crystallization. 

All eruptive rocks penetrate, as ramifying veins, either into 
the sedimentary strata, or into other equally endogenous mass* 
es ; but there is a special importance to be attached to the 
difference manifested between Plutonic rocks* (granite, por- 
phyry, and serpentine) and those termed volcanic in the strict 
sense of the word (as trachyte, basalt, and lava). The rocks 
produced by the activity of our present volcanoes appear as 
band-like streams, but by the confluence of several of them 
they may form an extended basin. Wherever it has been 
possible to trace basaltic eruptions, they have generally been 
found to terminate in slender threads. Examples of these 
narrow openings may be found in three places in Germany : 
in the " Pflaster-kaute" at Marksuhl, eight miles from Ei- 
senach ; in the blue ** Kuppe*' near Eschwege, on the banks 
of the Werra ; and in the Druidical stone on the Hollert road 
(Siegen), where the basalt has broken through the variegated 
sandstone and gray wacke slate, and has spread itself into cup- 
like fungoid enlargements, which are either grouped together 
like rows of columns, or are sometimes stratified in thin lam- 
inae. The case is otherwise with granite, syenite, quartzose 
porphyry, serpentine, and the whole series of unstratified com- 
pact rocks, to which, from a predilection for a mythological 
nomenclature, the term Plutonic has been applied. These, 
with the exception of occasional veins, were probably not 
erupted in a state of fusion, but merely in a softened condi- 
tion ; not from narrow fissutes, but firom long and widely-ex- 
tending gorges. They have been protruded, but have not 
flowed forth, and are found, not in streams like lava, but in 
extended masses.t Some groups of dolerite and trachyte in- 

* [Lyell, Principles of Geology, vol. iii., p. 353 and 359.]— Tr. ' 
t The description here given oi the relations of position under which 
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dieate a certain degree of basaltic fluidity ; others, whidi hav» 
been expanded into vast craterleae domes, appeax to have been 
only in a softened condition at the time of theix elevation. 
Othw trachytes, like those of the Andes, in which I have fre- 
quently perceived a striking analogy with the greenstones and 
syenitie porphyries (which aie argentiferous, and without 
quartz), are deposited in the same manner as granite lyid 
quartzose pcMrphyry. 

Experiments on the changes which the texture and chem- 
ical constitution of rodks experience from the action of heat, 
have shown that volcanic masses* (diorite, augitie porphyry, 
basalt, and the lava of iEtna) yield different products^ accords 
ing to the difierence of the pressure under which they have 
bc^ fused, and the length of time occupied during their cool- 
ing ; thus, where the cooling was rapid, they Ibrm a black 
glass, having a homogeneous fraotuise, and where the cooling 
was slow, a stony mass of granulax crystalline structuse. la 
the latter case, ^e crystals are formed partly in cavities and 
partly inclosed in the matrix. The same materials yield the 
most dissimilar products, a iact that is of the greatest import- 
ance in reference to the study of the natiure of erupted rocks, and 
of the metamo^^c action which they occasion. Carbonate of 
lime, when fused und^ great pressure, does not lose its carbonie 
acid, but becomes, when cooled, granular limestone; when 
the crystallisation has been effected by the dry method, s^c- 
charoidal marble; while by the hunud method, caicareous 
spar and aragonite are produced, the former under a lesser de* 
gree of temperature than the latt^.f Di&rences of temperr 

granite occurs, expresses the general or leading character of the whole 
formation. Bat its aspect at some places leads to the belief that it vfraB 
occasionsJly more flaia at the period of its «raption. The descriptian 
given by Rose, in his Rdsenach dem Undf bd. i., s. 599, of part of the 
Narym chain, near the frontiers of the Chinese territories, as well as the 
evidence afforded by trachyte, as described by Dufr6noy and Elie de 
Beaumont, in their Description Qiologiqne de la Prance , t. i., p. 70* 
Having already spoken in the text of the narrow apertures dirough 
which the basalts have sometimes been effused, I will here notice the 
large fissures, which have acted as conducting passages for melaphyre^ 
which must not be confounded vdth basalts. See Murchison's inter- 
esting account ( The Silurian System^ j. 126^ of a fissure 480 feet wide, 
trough which melaphyre has been ejeetea, at the cool^^nine at Dorxk- 
brook, Hoar Edge. 

* Sir James HalL in the Edin. Trant.t vol. v., p. 43, and vol, vi., p» 
71; Gregory Watt, m the PhiL Tram, of the Roy. Soc. of London for 
1804, Part ii., p. 279 ; Dartigues and Fleurieu de Bellevue, in the Jomr>- 
nal de Phynque, U Ix., p. 456 ; Bischof, Wdrmelehre, s. 313 uod 443. 

t Gustav Base, in Poggend.^ Annalen, bd. xlii.j s. 364. 
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fttoie likewise oayodify the direptioa m wIuoIl the diflferant |par- 
ticlee arrainge theiofielves ia the act of crystallization, and also 
a£fect the iSbnn of the crystal.* £yea when a body is not in 
^ ^uid eoodition, the smaltest partides m»f tmdergo certain 
gelations in th^ vfirious lo^odes of ajrraogement, which are 
jnanif€sted by the di^ent a^tipa on hghtt The phenome- 
na presented by devitrification, and by the formation of ste^l 
hy cefflEientaMon ai^d easting — ike traasitioo of the fibrous into 
the gran^lti^ dssue of the iron, &om the action of heat,| and 
|nx>bably, ako, by xi^gidftr and loi^-eontinued ooncnssiixis — 
likewise throw a considenJ>le degree iof li^t on the geologieal 
prpeess of metaisiioiphism. Heat may even simnltanMrndy ia- 
dnce (^)(M>site actions in crystalline bodies ; for the admiraUe 
jexperiiineats of Mitsdk^lieh have established the iacti that 
ealeareous spar, without altering its oonditiaa of aggregation, 
expands in the di^^etion of one of Its axes and contxacts in 
the otl^r. 

J;f we pass firom these general ioonsiderations to individual 
examples, we find that schist is converted, by the vicinity of 
Plutonic erupted rodks, imto a bhuah-4>lack, glistening roofing 
sla4^. Here the planes cfst^ratifieatum are intersected by an- 
other system of divisional sixatification, almost at right angles 
with the former, II and thus indicating an action subsequent to 
the alteration^ The penetration of silica causes the argilla- 
ceous schist to be traversed by quartz, transforming it, in part, 
into whetstone and silicious schist ; the latter spmetimes con- 
taining carbon, and being then capable of producing galvanic 
elEeots on the nerves. The highest degree <^ silicifiiuition of 
schist is that observed in ribbcxa jasper, a material highly val- 
uable in the arts,ir and which is produced in die Oural Mount- 

* On the dimorphism of euLpbor, see Mitscherlich, ItArbuch der 
Chemie, J 55-63. 

t On g^rpswn as a .^miaxal caystaL, imd ao. the solphate of magnesia, 
.and the oxyds of zinc and nickel, see Mitscherlich, m Foggend., Jaiki- 
ien, bd. xi., a. 329- 

I Coste, Vertpcke cm Crmtat i^ber 4^m htft^ehig nMrd^ok dm SUtbemns, 
Elie de Beaamont, M4m. Qitd,, t. ii., p. 411. 

$ MitscherUch, Wer He Avtdehnung der Kru^tedUmrtm Kdrp&r durA 
4if WarmiUKre, in Poggend., AMudent bd, x., S. ISl. 

jl Ou the donble system of djlvisiaDal planets, see Elie de Beaumont, 
Oiologie de la France^ p. 41; Credner, Otognom Th^ri^gmt^nd de* 
ffarze^, s. 40; sod B6inor, Pas RhmUi^ Uebergfiutgsgeiirge, 1844, 
s. 5 und 9. 

f The silica Is not merely colored by perozyd of iron, bat is aocom- 
panied by cla^, Ume, and potash* Bose, Rwe, bd. ii., s. 187. On the 
nirmation of jasper by the aetion of dioritic porphyiy, augite, and hy- 
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~ ains by the contact and eraption of angitic porphyry (at Orsk), 
of dioritic porphyry (at Aufschkul), or of a mass of hyper- 
sthenic rock conglomerated into sj^erical masses (at Bogos- 
lowsk). At Monte Serrate, in the island of Elba, according 
to Frederie Hoffinan, and in Tuscany, according to Alexander 
Brongniart, it is formed by contact with euphotide and ser* 
pentine. 

The contact and Plutonic action of granite have sometimes 
made argillaceous schist granular, as was observed by Grustav 
Rose and myself in the Altai Mountains (within the fortress 
of Buchtarminsk),''^ and have transformed it into a mass re- 
sembling granite, consisting of a mixture of feldspar and mica, 
in which larger laminsB of t^e latter wexe again imbedded.f 
Most geognosists adhere, with Leopold von Buch, to the well-^ 
known hypothesis " that all the gneiss in the silurian strata of 
the transition formation, between the Icy Sea and the Gtdf of 
Finland, has been produced by the metamorphic action of 
granite.J In the Alps, at St. Gothard, calcareous marl is 
likewise, changed from granite into mica slate, and then trans- 
formed into gneiss." Similar phenomena of the formation of 
gneiss and mica slate through granite present themselves in 
the oolitic group of the Tarantaise,^ in which belemnites are 

persthene rock, see Rose, bd. ii., s. 169, 187, und 192. See, also, bd. 
-1., 8. 427, where there is a drawiag of the porphyry spheres between 
which jasper oQcors, in the calcareous ^raywacke of Bogoslowsk, being 
produced by the Plutonic influence of the augitic rock; bd. ii., s. 545; 
and likewise Humboldt, Asie CentraUf t. i., p. 486. 

• Rose, Reise nach dem Ural, bd. i., s. 586-588. 

t Id respect to the volcanic origin of mica, it is important to notice 
that crystals of mica are found in the basalt of the Bohemian Mittelgo* 
birge, m the lava that in 1822 was ejected from Vesuvius (Monticelli, 
Storia del Vesuvio negli Anid 1821 e 1822, $ 99), and in fragment of 
argillaceous slate imbedded in scoriaceous basalt at Hohenfeis, not far 
*om Gerolstein, in the Eifei (see Mitscheriich, in Leonhard, BasaU- 
Gebilde, s. 244). On the formation of feldspar in argillaceous schist, 
through contact with porphyry, occurring between Urval and Poiet 
(Forez), see Dufr^noy, in Q6ol. de la France, t. i., p. 137. It is proba- 
bly to a similar contact that certain schists near Faimpol, in Brittany, 
with whose appearance I was much struck, while malang a geqlogical 
pedestrian tour through that interesting country with Professor Kunth, 
owe their amygdaloid and cellular character, t. i., p. 234. 

t Leopold von Buch, in the Abhandhmgen der Akad, der Wisaen- 
tchaft zu Berlin^ aus dem Jahr 1842, s. 63, and in the Jahrbkchem fiir 
Wissenaefufftliche KrUik Jakrg. 1840, s. 196. 

% Elie de Beaumont, in the AnruUes des Sciences NcUureUe; t. xv., p. 
362-^372. ** In approaching the i)rimitive masses of Mont Rosa, and the 
mountains situated to the west of Coni, we perceive that the secondary 
strata gradually lose the characters inherent in their mode of deposition. 
Frequently assuming a character apparently arising from a perfectly 
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found in rocks, which have some claim to be considered as 
mica slate, and in the schistose group in the western part of 
the island of Elba, near the promontory of Calamita, and the 
Fichteigebirge in Baireuth, between Lomitz and Markleiten.* 
Jasper, which,t as I have already remarked, is a production 
formed by the volcanic action of augitic porphyry, could only 
be obtained in small quantities by the ancients, while another 
material, very generally and efficiently used by them in the 
arts, was granular or saccharoidal marble, which is likewise 
to be regarded solely as a sedimentary stratum altered by ter- 
restrial heat and by proximity with erupted rocks. This opin- 
ion is corroborated by the accurate observations on the phe- 
nomena of contact, by the remarkable experiments on fusion 

distinct cause, hut not losing their stratification, they somewhat resem- 
ble iu their physical structure a brand of half-consumed wood, in which 
we can fellow the traces of the ligneous fibers beyond the spots which 
continue to present the natural characters of wood." (See, also, the 
Annales des Sciences NcUurelles, t. xiv., p. 118-122, and von Decheu, 
Qeognogief s. 553^ Among the most staking proofs of the transforma- 
tion of rocks by Plutonic action, we must place the belemnites in the 
schists of Nuf^nen (\n the Alpine valley of Eginen and in the Gries- 
glaciers), and the belemnites iound by M. Charpentier in the so-called 
primitive limestone on the western descent of the Col de la Seigne, be- 
tween the Enclove de Monjovet and the chdlet of La Lanchette, and 
which he showed to me at Bex in the autumn of 1822 {AnnaleB de 
Chimie, t. xxiii., p. 262). 

^ * Hofiinann, in Pogjgend., AnnaJen, bd. xvi., s. 552, ^* Strata of tran- 
sition argillaceous schist in the Fichteigebirge, which can be traced for 
a length of 16 miles, are transformed into gneiss only at the two ex- 
tremities, where they come in contact with granite. We can there 
follow the sradual formation of the eneiss, and the development of the 
mica and of the feldspathic amy^daloids, in the interior of the argilla- 
ceous schist, which indeed contains in itself almost all the elements of 
these substances.'^ 

t Amons the works of art which have come down to us from the an- 
cient Greeks and Romans, we observe that ^ooe of any size^-^as columns 
or large vases — are formed from jasper ; and even at the present day, 
this substance, in large masses, is only obtained from the Ural Mountains. 
The material worked as jasper from the Rhubarb Mountain (Raveniaga 
Sopka), in Altai, is a beautiful ribboned porphyry. The word jasper 
is derived from the Semitic languages ; and from the confused descrip- 
tions of Theophrastus {De Lapidibus, 23 and 27) and FUny (xxxvii., 8 
and 9), who rank jasper among the ** opaque gems," the name appears 
to hav6 been given to fragments of jtispachatf and to a substance which 
the ancients termed jaspanyx, which we now know as opal^asper. 
Fliny considers a piece of jasper eleven Inches in length so rare as to 
require his mentioning that ne had actually seen such a specimen : 
** Magnitudinem jaspidis undecim unciarum vidimus, formatamque inde 
effi^em Neronis thoracatam." According to Theophrastus, the stone 
which he calls emerald, and from which large obelisks were cut, must 
have been an impecfbct jasper. 
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made by Sir James Hall mote than half a century ago, and 
by the attentive study of graaitie Teins, which has contributed 
so laigely to the establislunent of modem geognosy. Some- 
times the erupted rock has not transformed the compact into 
granular limestone to any great depth f;om the point of con- 
tact. Thus, for instance, we meet with a slight transforma- 
tion — a penumbrar— as at Belfast, in Ireland^ where the ba- 
saltic Tcins traverse the chalk, and, as in the compact cal-* 
careous beds, which have been partially inflected by the con- 
tact of syenitic granite, at the Bridge of Boscampo and the 
Cascade of Conzocoli, in the Tyrol (rendered celebrated by 
the moition made of it by Cotmt Mazari Pettcati).* Another 
mode of transformation occurs where all the strata of tlrc com^ 
pact limestone have been changed into granular limestone bj 
the action of granite, and syenitie or dioritic porphyry, t 

I would here wish to make special mention of Parian and 
Carrara marbles, which have acquired such celebrity from the 
noble worka of art into which they have been converted, and 
which have too long been considered in our geognostic collect 
tions as the main types of primitive limestone. The action 
of granite has been manifested sometimes by immediate con- 
taot, as in the Pyrenees,^ and sometimes, as in the main land 
of Greece, and in the insular groups in the Mgexa Sea, through 
the intermediate layers of gneiss or mica slate. Both cases 
presuppose a simultaneous but heterogeneous process of trans 

• Hnmboldt, Lettre ^ M. Brochant de Villiersj in the Annalet de 
Chimie et de Phyiique, t. xxiii., p. 261 ; Leop. von Bach, Oeog. Briefe 
€Lber das tUdZicke Tyrol, H, 101, 105, und 273. 

t On the transformation of compact into granalar limestone by the 
action of g^ranite, in the Pyrenees at the Montagnea de Rancie, see 
Dafr^noy, m the Mimoiret OSologiques, t. ii., p. 440 ; and on similar 
changes in the MorUagnes de VOitanSy see Blie de Beanmont, in the 
M6m, O6olog,j t. ii., p. 379-415; on a similar effect produced by the 
action of dioritic and pyroxenic porphjnry (the ophite described by Elie 
de Beaumont, in the Oiologie de la France, t. i., p. 72), between Tolosa 
and St. Sebastian, see Duir6noy, in the MSm. Giolog,, t. ii., p. 130 ; and 
by syenite in the Isle of Skye, where the fossils in the altered limestone 
may still be distingaished, see Von Dechen, in his Giognotie, p. 573. 
In the transformation of chalk by contact with basalt, the transposition 
of the most minute particles in the processes of crystalliza^n and 
^nulation is the more remarkable, because the excellent microscopic 
investigations of Ehrenberg have shown that the particles of chalk pre- 
viously existed in the form of closed rings. See Poggend., Annalend&r 
Phywihj bd. xxxix., s. 105; and on the rings, of arasonite deposited 
from solution, see Gustav Rose in vol. xlii., p. 354, of tne same journal. 

X Beds of granular limestone in the granite at Port d*Oo and in the 
Mont de Labourd. See Charpentier, Constitution Giologique des Pyri-^ 
n6es, p. 144, 146. 
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femiatios. In Attica, in fhe ialand of Euboa, add in the 
Peloponnesus, it has been remarked, '' that the limestone, 
when superposed on mica date, is beautiful and crystalline in 
proportion to the purity of the latter substance and to 'the 
smallness of its argillaceous contents ; and, as is well known^ 
this rock, together with beds of gneiss, appears at many points^ 
at a considerable depth below the snr&ce, in the islands of 
Faros and Antiparos."* We may here infer the ejcistence oif 
4n imperfectly metamorphosed flotz formation, if faith can btf 
yielded to the testimony of Origen, according to whom, the 
ancient Eleatic, Xenophanes of Colophont (who supposed the 
whole earth's crust to have been once covered by the sea), de- 
clared that marine fossils had been found in the quarries of 
Syracuse, and the impression of a fish (a sardine) in the deepest 
rooks of Faros. The Carrara or Luna marble quarries, which 
constituted the principal source from which statuary marble 
was derived even prior to the time of Augustus, and which 
will probably continue to d6 so until the quarries of Faros 
ihall be reopened, are beds of calcareous sandstone-^macigno 
— ^altered by Flutonic action, and occurring in the insulated 
mountain of Apuana, between gneiss-Hke mica and tsdcose 
schist 4 Whether at some points graimlar limestone may 
not have been formed in the interior of the c^rth, and been 
taised by gneiss and syenite to the surface, where it forms 
vein-like fissures, § is a question o& which I can not hazard 
an opinion, owing to my own want of personal knowledge of 
the subject. 

* Leop. von Bnch, Descr. deg Caiiaries, p. 394 ; Fiedler, Reise dwreh 
da» Konigreich Oriechenlandy th. ii, s., 181, 190, iind 516. 

t I have previously alldded to the remarkable passage in Origen's 
Pkiloaopkumenay cap. 14 (Opera, ed. Delarde, t. i.y pi. 893). From tsho 
whole context, it seems very improbable thst Xenophanes meant an 
impression of a laurel {rvnov ddt^vsc) instead of an impression of a fish 
{rvTTov a^Tjg). Delarue is w^rong in blaming the correction of Jacob 
Gronovius in changing the laurel into a sardcl. The petrifaction of a 
fish is also much more probable than the natural picture of Silenus, 
which, according to Phny (lib. xxxvi., 5), the quarry-men are stated to 
have met with in Parian marble from Mount Marpessos. Berviua ad 
Virg,j ^n.y vi., 471. 

I On the geognostic relations of Carrarai ( The CUy afthe Sfoon, Strabo, 
lib. v., p. 222), see Savi, Osservaziomsui terreni antiehi Toacaniy in 
the Nuovo Oiomale de' LettenxH di PUa, and Hoffmann, in Karsten's 
Archio f&r Miner alogie, bd. vi., s. 258-263, as well as in his Geogn. 
Reise durch Italien, s. 244-265. 

$ According to the assumption of an excellent and very experienced 
observer, Karl von Leonhard. See his Jahrbueh fur Mineraiogicp 1 834 
8. 329, and Bemhard Cotta, Geognoskj s. 310. 
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Accoiding to the admirable observations of Leopold vozc 
Buch^ the masses of dolomite found in Southern Tyrol, and oa 
the Italian side of the Alps, present the most remarkable iii- 
stanoe of metamorphism produced by massive eruptive rocka 
on compact calcareous beds. This formation of the limestone 
seems to have proceeded fixim the fissures which traverse it in 
all directions. The cavities are every where covered with 
rhomboidal crystals of magnesiau bitter spar, and the whole 
formation, wiliiout any trace of stratification, or of the fossil 
remains which it once contained, consists only of a granular 
aggregation of crystals of dolomite. Talc laminsB lie scattered 
here and there in the newly-formed rock, traversed by masses 
of serpentine. In the valley of the Fassa, dolomite rises per- 
pendicularly in smooth walls of dazzling whiteness to a height 
of many thousand feet. It forms sharply-pointed conical 
mountains, clustered together in large numbers, but yet not in 
contact with each other. The contour of their forms recalls to 
mind the beautiful landscape with which the rich imagination 
of liconardi da Vinci has embellished the back-ground of the 
portrait of Mona Lisa. 

The geognostic phenomena which we are now describing* 
and which excite the imagination as well as the powers of the 
intellect, are the result of the action of augitic porphyry man- 
ifested in its velevating, destroying, and transforming force.* 
The process by which limestone is converted into dolomite is 
not regarded by the illustrious investigator who first drew at- 
tention to the phenomenon as the consequence of the talc being 
derived from the black porphyry, but rather as a transforma- 
tion simultaneous with the appearance of this erupted stone 
through wide fissures filled with vapors. It remains for future 
inquirers to determhie how transformation can have been efiect- 
ed without contact with the endogenous stone, where strata 
of dolomite are found to be interspersed in limestone. Where, 
in this case, are we to seek the concealed channels by which 
the Plutonic action is oonveyed ? Even here it may not, how- 
ever, be nsecessary, in conformity with the old Roman adage, 
to believe *' that much that is alike in nature may have been 
fomued in wholly difierent ways. * ' When we find, over widely- 
extended parta of the earth, that two phenomena are always 
associated together, as, for instance, the occurrence of melar 

* Leop. von Bucb, Geognostisehe BHefe an Alex, von Hnmboldt, 1824, 
B. 86 and 82 ; also in the Annalen de Chemte, t. xxUi., p. 276, and in the 
Ahhemdl. der Berliner Akad. aus der Jahren 1822 vnd 1823, a. 83-136 ; 

Von Dechen, Geognosie, e. 574-576. 
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^yre and the trariid&rmatiou of oompaot limestone into 9. ejr}p- 
talline mass difiering in its chemical character, we are, to. a 
certain degree, ju^ed in believing, where the second phe- 
.fiomenon is manifested unattended by the appearance of the 
first, that this apparent contradiction is. owing to the absence, 
in certain cases, of «K)me of the conditions attendant upon the 
exciting causes. Who would call in question the volcanic na- 
,ture and igpieous fluidity of basalt merely because there are 
some rare instances in which basaltic veins, traversing beds 
of coal or strata of sandstone and chalk, have not materially 
deprived the coal of its carbon, nor Iwroken and slacjked the 
sandstone, nor conveorted the chalk into granular marble 1 
Wh«:ever we have obtained even a faint light to guide us in 
the obscure domain of mineral fonnatian, we ou^t not un- 
gratefully to disregard it, because there may be much that is 
still unexplained in the history of the xelations of the transi- 
tions, or in the isoLatedinterposition of beds of unaltered strata. 

After having spoken of the alteration of ccanpact carbonato 
of lim,e into granular limestone and dolomite, it stiU remains 
for us to mention a third mode of transformation of the same 
mineral, which is ascribed to the emission, in the ancient pe- 
riods of /the world, of the vapors of sulplmric acid. This trans- 
£)rmation of hmestone into gypsum is analog^ms to the pene- 
tration of rock salt and sulphur, the latter being deposited 
from aulphureted aqueous vapor. In the lofty Cordilleras of 
Quindiu, far ftom all volcanoes, I have observed deposits of 
sulphur in £«8ures in gneiss, while in Sicily (atCattohca, near 
Girgenti), jsolphur, gypsum, and rock salt belong to the most 
. recent secondary strata, the chalk fi>rmationB.^ I have also 
seen, on the edge of the crater of Yesuvius, iissures filled with 
rock «ait, which occurred in such considerable masses afi occa- 
sionally to lead to its being disposed of by contraband trade. 
On both declivities of the Pyrenees, the oonn^ction of diorite 
and pyroxene, and dolomite, gypsum, and rock salt, can not be 
questioned ;t and here, as in the other ph^iomena which we 
have been considering, every thing bears evidence of the ac- 
tion of subterranean forces on the sedimentary Strata of the 
ancient sea. 

There is much difficulty in explaining the ori^ of the beds 
of pure quartz, which occur in such large quantities in South 
America, and impart so peculiar a character to the chain of 

♦ Hoffman, Geogn. Reise, edited by Von Dechen, 8. 113-119, a&d 
380-386 ; Poggend., Annalen der Phyaik, bd. xxvi,, s. 41. 

t Dafr6noy, in the MSmaires O^olegiqueSf t. ii., p. 146 and 179. 
Vol. I.— M 
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the Andes.* In descending toward the South Sea, from Cax- 
amarca toward Guangamarca, I have observed vast masses 
of quartz, from 7000 to 8000 feet in height, superposed eome- 
times on porphyry devoid of quartz, and sometimes on diotite. 
Can these beds have been transformed &om sandstone, as 
£lie de Beaumont conjectures in the case of the quartz strata 
on the Col de la Poissonnito, east of Brian9on ?t In the 
Brazils, in the diamond district of Minas Greraes and St. Paul, 
which has recently been so accurately investigated by Clausen, 
Plutonic action has developed in dioritic veins sometimes ordi- 
nary mica, and sometimes specular iron in quartzose itacol- 
umite. The diamonds of Girammagoa are imbedded in strata 
of solid silica, and are occasionally enveloped in lamin» of 
mica, like the garnets found in mica slate. The diamonds 
that occur furthest to the north, as those discovered in 1829 
at 68P lat., on the European slope of the Ufalian Mountains, 
bear a geognoatic relation to the black carboniferous dolomite 
of Addlfiskoi} and to augitic porphyry, although more accu- 
rate observations are required in order fully to elucidate this 
subject. 

Among the most remarkable phenomena of contact, we 
must, finally, enumerate the formation of garnets in argilla- 
ceous schist in contact with basalt and dolerite (as in Northum- 
berland and the island of Anglesea), and the occurrence of a 
vast number of beautiful and most various crystals, as garnets, 
. vesuvian^ augite, and ceylanite, on the surfaces of contact be- 
tween the erupted and sedimentary rock, as, for instance, on 
the junction of the syenite of Monzon with dolomite and com- 
pact limestone.^ In the island of Elba, masses of serpentine, 
which perhaps nowhere more clearly indicate the character of 
erupted rocks, have occasioned the sublimation of iron glance 
and red oxyd of iron in fissures of calcareous sandstone.il We 
still daily find the same iron glance formed by sublimation 
from the vapors and the walls of the fissures of open veins on 
the margin of the crater, and in the firesh lava currents of the 
volcanoes of Stromboli, Vesuvius, and iEtna.! The veins that 

* Hnmboldt, Euai Cteogn, sur U OUe/nent des Roches, p. 93 ; Ajrie 
Centrale, t. iii., p. 532. 

t Elie de Beanmont, in the Annales des Seieneet Naturdles, t. xv., p. 
362 ; MarcliiBoii, Silurian System^ p. 286. 

t Rose, Reise naeh dem Ural, bd. i., s. 364 und 367. 

§ Loop, von Bach, Briefe, a. 109-129. See, also, Elie d^ Beaumont, 
On the Cawktet of Granite toith the Beds of the Jura, in the A£Sm. Oiol., 
t. n., p. 408. II Hoffinan, Reise, s. 30 und 37. 

IT On the cbesucal process in the formation of specular iron^ see Gay- 
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are thus formed beneath our eyes by volcanic forces, where 
the contiguous rock has already attained a certain degree of 
solidiHcation, show us how, in a similar manner, mineral and 
metallic veins may have been every where formed in the more 
ancient periods of the world, where the solid but fhiimer crust 
of our planet, shaken by earthquakes, and rent and fissured 
by the change of volume to which it was subjected in cooling, 
may have presented many communications with the interior, 
and many passages for the escape of vapors impregnated with 
earthy and metallic substances. The arrangement of the par- 
ticles in layers parallel with the margins of the veins, the regu- 
lar recurrence of analogous layers on the opposite sides of the 
veins (on their different walls), and, finally, the elongated cel- 
lular cavities in the middle, frequently aSbrd direct evidence 
of the Plutonic process of sublimation in metalliferous veins. 
As the traversing rocks must be of more recent origin than 
the traversed, we learn from the relations of stratification ex- 
isting between the porphyry and the argentiferous ores in the 
Saxon mines (the richest and most important in Germany), 
that these formations are at any rate more recent than the 
vegetable remains found in carboniferous strata and in the red 
sandstone.* 

All the facts connected with our geological hypotheses on 
the formation of the earth's crust and the metamorphism of 
rocks have been unexpectedly elucidated by the ingei^ous 
idea which led to a comparison of the slags or scoriae of our 
smelting furnaces, with natural minerals, and to the attempt 
of reproducing the latter from their elements. t In all these 
operations, the same affinities manifest themselves which de- 
termine chemical combinations both in our laboratories and 
in the interior of the earth. The most considerable part of 

Lussac, in the Anrudes de Chimief t. zxii., p. 415, and Mitscherlicb, in 
Poggend., Annalerif bd. xv., a. 630. Moreover, crystals of olivine have 
been formed (probably by sublimation'^ in the cavities of the obsidian 
of Oerro del Jacal, which I brought from Mexico (Gustav Bode, in 
Foggend., AnncUen, bd. x., s. 323). Hence olivine occurs in basalt, 
lava, obsidian, artificial scoriie, in meteoric stones, in the syenite of Elf- 
dale^ and (as hyalosiderite) in the wacke of the Kaiserstuhl. 

* Constantin von Beust, (/eber die PorphyrgebUde, 1835, s. 89-96 ; 
also his Beleuehtung der JVemer^sehen OangtheortBy 1840, s. 6 ; and O. 
von Wissenbach, Abbildungen merkwHtrdiger Gangverhaltnitaet 1836, fig. 
12. The ribbon-like structure of the veins is, however, no more to be 
regarded of general occurrence than the periodic order of the different 
members of these masses. 

t Mitscherlicb, Ueber die kUnstliehe Dar^Mtmg der Mineraliet^, in 
the Abhandl. det Akademie der Wiss. zu Berlin, 1822-3, s. 25-41 
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th9 ample minerals which characterize the more generally 
difihsed Plutonic ^d erupted rocks, as well as those on which 
they have exercised a metamorphic action, have heen produced 
in a crystalline state, and with perfect identity, in artificial 
mineral products. We must, however, distinguish here he- 
tween the scons accidentally formed^ and those which have 
been designedly produced by chemists. To the former belong 
feldspar, mica, augite, olivine, hornblende, crystallized oxyd 
of iron, magnetic iron in octahedral crystals, ^ and metallic 
titanium ;* to the latter, garnets, idocrase, rubies (equal in 
hardness to those found in the East), olivine, and augite.t 
These minerals tx)nstitute the main constituents of granite, 
gneiss, and mica schist, of basalt, dolerite, and many porphy- 
ries. The artificial production of feldspar and mica is of most 
especial geognostic importance with reference to the theory of 
the formation of gneiss by the metamorphic agency of argilla- 
ceous schist, which contains all the constituents of granite, 

* In Bcorie, ctystals of feldspar have been discovered by Heine in 
th« refiue of a furnace for copper iiising, near Sangeriiaaaen, and ana- 
lyzed by Kersten (Poeeend., Amudenf bd. xxxiii., •. 337) ; crystala of 
augite in scorie, at S^uue (Mitscherlich, in the Abhafidl* der Akad. sm 
Berlin, 1822-23, 8. 40); of olivine by SeifstrOm TLeonhard, Batalt-Ge- 
bilde^ bd. ii., a. 495); of mica in old scoriae of Schloss Garpenberg 
(Mitscherlich, in Leonhard, op. cit., s. 506) ; of magnetic iron in the 
•oorie of ChatiUon sur Seine (Leonhard, s. 441) ; and of micaceouB iron 
in potter's clay (Mitscherlich, in Leonhard, op. cit., s. 234). 

[See Ebelmer's papers in Ann. de Chimie et de Physique, 1-847 ; also 
jReport on the Crygtalline Slags, by John Percy, M.D., F.E.S., and 
William HfdlowB Miller, M.A., 1847. Dr. Percy, in a commonication 
with iwhich he has kindly favored me, says that the minerals which he 
has found artificially proauced and proved by analysis are HumboldtU.- 
ite, gehlenite, olivine, and magnetic oxyd of iron, in octahedral crys- 
tals. He suggests that the circumstance of the production of gehlenite 
at a high temperature in an iron furnace may possibly be made avail- 
able by geologists in explaining the formation of the rocks in which Ae 
aataru niiineral occurs, as in rassathal in the TyTol.]^Tr. 

t Of minerals puiposely produced, we may mention idociase and 
Igsmet (Mitscherlich, in roggend., Annalen der Phynk, bd. zxxii., s. 
d4j}); ruby (Gaudin, in the Comvtee Rendus de VAc4»dirnie de Science, 
t. iv.. Part i., p. 999); olivine and augite (Mitscherlich and Berthier, in 
the Annalee de Chimie et de Physique, t. xxiv., p. 376). Notwithstand- 
ing the greatest possible similanty in crystalline form, and perfect idmi- 
•tity in chemical composition, existing, according to Gustav Rose, be- 
tween augite and hornblende, hornblende has never been found accom- 
panying augite in scoriae, nor have chemists ever succeeded in ar^cial- 
ly producing either hornblende or feldspar (Mitscherlich in Pof gend., 
Anncden, bd. xxxiii., s. 340, and Rose, JReise nach dem Ural, bd. ii., s. 
358 und 363). See, also, Beudant, in the Mem. de VAcad. dee Seieneet, 
t. viii., p. 221, and Becquerel's ingenious experiments in his Trait4 de 
VElecirictti, t. i., p. 334; t. iii., p. 218; and t. v., p. 148 and 185. 
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potash not excepted.* It would not be veiy swrptmag, there> 
fore, as is well observed by the distinguished geognosist, Von 
Dechen, if we were to meet with a fragment of gneiss formed 
onHhe walls of a smelting frimace which was bmlt of ai^illar 
ceoufl slate aaid gray waoke. 

After- having taken this general view of the three classes 
of eropted, sedunentaiy, and metamorphic rocks of the earth's 
crust, it still remains for us to consider the fourth class, com* 
prising canglomera;tes, or ftoeks of detritus. The very terra 
recalls the destruction which the earth's crust has suiered, 
and likewise, periiaps, reminds us of the process of eementation, 
which has connected togeth^, by means of oxyd of iron/ or of 
some argillaceous and calcareous substances, the sometimes 
rounded and sometimes angulsur portions of fragments. Con^ 
glomerates and rocks of detritus, when considered in the widest 
sense of the term, manifest charactefs of a double ori^n. The 
substances which enter into their mechanical composition have 
not been alone accumulated by the action of the waves of the 
sea or currents of fresh water, for there are some of these rocks 
the formation of which can not be attributed to the action of 
water. " When basaltic islands and trachytie rooks rise on 
fissures, friction of the elevated rock against the walls of the 
fissures causes the elevated rock to be inclosed by conglom* 
erates composed of its own matter. The granules composing 
the sandstones of many formations have been separated rather 
by friction against the erupted volcanic or Plutonic rock than 
destroyed by the erosive force of a neighboring sea. The ex- 
istence of these friction conglomerates, which are met with in 
enormous masses in both hemispheres, testifies the intensity 
of the force with which the erupted rocks have been propelled 
from the interior through the earth's crust. This detritus 
has subsequently been taken up by the waters, which have 
then deposited it in the strata which it still covers."! Sand- 
stone formations are found imbedded in all strata, from the 
lower Silurian transition stone to the beds of the tertiary form* 
ations, superposed on the chalk. They are found on the 
margin of the boundless plains of the New Continent, both 
within and without the tropics, extending like breast-works 
along the ancient shore, agaij^t which the sea once bxdce in 
foaming waves. 

* D'Aubuisson, in the Journal de Physique^ t. Izviii., p. 128. 

t Leoi^. von Buch, GeognosU Brief e^ s. 75-82, where it is also shown 
why the new red sandstone (the TodUiegende of the Tharinfflan fl5ta 
formation) and the coal measures must be regarded as produced by 
erupted porphyry. 
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If we caat a glance on the geograpliical diitribution of 
rocks, and their relations in space, in that portion of the earth's 
crust which is accessible to us, we shall find that the most 
universally distributed chemical substance is silicic add, gen- 
erally in a variously-colored and opaque form. Next to solid 
Bihcio acid we must reckon carbonate of lime, and then the 
combinations of silicic acid with alumina, potash, and soda, 
with lime, magnesia, and oxyd of iron. 

The substances which we designate as rocks are determin- 
ate associations of a small number of minerals, in which some 
combine parasitically, as it were, with others, but only under 
definite relations ; thus, for instance, although quartz (siUca), 
feldspar, and mica are the principal constituents of granite, 
these minerals also occur, either individually or collectively, 
in many other formations. By way of illustrating how the 
quantitative relations of olle feldspathic rock di£er from anoth- 
er, richer in mica than the former, I would mention that, ac* 
cording to Mitscherlich, three times more alumina and one 
third more silica than that possessed by feldspar, give the con- 
stituents that enter into the composition of mica. Potash is 
contained in both — a substance whose existence in many kinds 
of rocks is probably antecedent to the dawn of vegetation on 
the earth's surface. 

The order of succession, and the relative age of the difierent 
formations, may be recognized by the superposition of the sed- 
imentary, metamorphic, and conglomerate strata ; by the na« 
ture of the formations traversed by the erupted masses, and* 
— ^with the greatest certainty — by the presence of organic re- 
mains and the difierences of their structure. The application 
of botanical and zoological evidence to determine the relative 
age of rocks — ^this chronometry of the earth's surface, which 
was already present to the lofty mind of Hooke — ^indicates one 
of the most glorious epochs of modern geognosy, which has 
finally, on the Continent at least, been emancipated from the 
sway of Semitic doctrines. PalsBontological investigations 
have imparted a vivifying breath of grace and diversity to the 
science of the solid structure of the earth. 

The fossiliferouB strata contain, entombed viHfthin them, the 
floras and faunas of by-gone age|. We ascend the stream of 
time, as in our study of the relations of superposition we de- 
scend deeper and deeper through the different strata, in which 
lies revealed before us a past world of animal and vegetable 
life. Far-extending disturbances, the elevation of great mount- 
ain chains, whose relative ages we are able to define, attest the 
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destruction of ancient and the manifestation of secent organ- 
isms. A few of these older structures have remained in the 
midst of more recent species. Owing to the limited nature of 
our knowledge of existence, and from the figurative terms by 
which we seek to hide our ignorance, we apply the appellation 
recmt structure to the historical phenomena of transition man- 
ifested in the organisms as well as in the forms of primitive 
seas and of elevated lands. In some cases these organized 
structures have been preserved perfect in the minutest details 
of tissues, integument, and articulated parts, while in others, 
the animal, passing over soft argillaceous mud, has left noth- 
ing but the traces of its course,")^ or the remains of its undi- 
gested £x)d, as in the coprolites.f In the lower Jura formap 
tions (the has of Lyme Regis), the ink bag of the sepia has 
been so wonderfully preserved, that the material, which myr- 

* [In certain localities of the new red sandstone, in the Valley of the 
Connecticut, numerous tridactyl markings have been occasionally ob- 
served on the surface of the slabs of stone when split asunder, in like 
manner as the ripple-marks appear on the successive layers of sandstone 
in Tilgate Forest. Some remarkably distinct impressions of this^kind, 
at Turner^s Falls (Massachusetts), happening to attract the attention of 
Dr. James Deane, of Greenfield, that sagacious observer was struck 
virith their resemblance to the foot-marks left on the mud-banks of the 
adjacent river by the aquatic birds which had recently frequented the 
spot. The specimens collected were submitted to Professor G. Hitch* 
eock, who followed up the inquiry with a zeal and success that have 
led to the most interesting results. No reasonable doubt now exists 
that the imprints in question have been produced by the tracks of bi- 
peds impressed on the stone when in a soft state. The announcement 
of this extraordinary phenomenon v<ras first made by Profeaoor Hitch- 
cock, in the American Journal of Science (January, 1836), and that 
eminent geologist has since published full descriptions of the differmt 
species of imprints which he has detected, in his splendid work on the 
geology of Massachusetts.— Mantell'fi Medals of Creation^ voL ii., p. 810. 
In the work of Dr. Mantell above referred to, there is, in vol. ii., p. 815, 
an admirable diagram of a slab from Turner's Falls, covered with nu- 
merous foot-marks of birds, indicating the track of ten or twelve indi- 
viduals of different sizes. ][ — Tr. 

t [From the examination of the fossils spoken of by geologists under 
the name of CoproUtest it is easy to determine the nature of the food of 
the animids, and some other points ; and when, as happened occasion- 
ally, the animal waa killed while the process of digestion was goins on, 
the stomach and intestines being paxtly filled vrim half-digested rood, 
and exhibiting the coprolites actually in n£u, we can make out with 
certainty not only the true nature of the food, but the.proportionate size 
of the stomach, and the length and nature of the intestinal canal. With- 
in the cavity of the rib of an extinct animal, the palaeontolo^t thut 
finds recorded, in indelible characters, some of those nieroglyphics upon 
which he founds his history.-^ !r%« Ancient World, by D. T. Ajisted, 
1847, p. 173.]— T'r. 
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iads of years ago niight have served the animal to conceal it- 
self from its enemies, still yields the color with which its imag9 
may be drawn.* In other strata, again, nothing remains but 
the faint impression of a muscle ehell ; but even this, if it be* 
long to a main division of moUusca,t may serve to show th« 
traveler, in some distant land, the nature of the rock in whicb 
it is found, and the organic remains with which it is assoda- 
ted. Its discovery gives the history of the country in which ^ 
occurs. 

The analytic study of primitive animal and vegetable hJ^ 
has taken a double direction : the one is purely morpholog- 
ical, and embraces, especially, the natural history and phys- 
iology of organisms, filling up the chasms in the series of still 
living species by the fossil structures of the primitive world. 
The second is more i^cially geognostic, considering fossil re- 
mains in their relations to the superposition and relative age 
of the sedimentary formations. The former has long predom- 
inated over the latter, and an imperfect and superficial com- 
parison of fossil remains with existing species has led to errors, 
which may still be traced in the extraordinary names applied 
to certain natural' bodies. It was sought to identify all fossil 
species with those stiU extant in the same manner as, in the 
sixteenth century, men were led by false analogies to com- 
pare the animals of the New Continent with tho^ of the Old. 
Peter Camper, Sommering, and Blumenbach had the merit 
of being the first, by the scientific application of a more ac- 

* A diteovery made by Miss Mary Aiming, who was likewise the 
discoverer of the coprolites of fish. These coprolites, and the excre- 
ments of the Ichthyosaari, have been foand in such abundance in En- 
gland (as, for instance, near Lyme Regis), that, according to Buckland's 
expression, they lie like potatoes scattered in the ground. See Buck- 
land, Oeolo^ conndered wUh reference to Natural Theology, vol. i., p. 
188-S02 and 305. With respect to the hope expressed by Hooke " to 
raise a chronology "from the mere study of broken and fossilised shells, 
" and to state the interval of time wherein such or such catastrophes 
and mutations have happened," see his Posthumous Works, Lecture, 
Feb. 29, 1688. 

^ ^ [Still more wonderful is the preservation of the substance of the an- 
imal of certain Cephalopodes in the Oxford clay. In some specimens 
recently obtained, and described by Professor Owen, not only the ink 
bag, btit the muscular mtetle, the head, and its crown of arms, are aU 
preserved in jconnection with the belemnite shell, while one specimen 
exhibits l^e lar^e eyes and the funnel of the animal, and the remains of 
two jBns, in addition to the shell and the ink bag. See Ansted's Ancient 
World, p. 147.]— Tn 

t Leop; vot Buch, in the Abhandlungen der Akad, der Wise, zu Ben- 
2in in dem Jahr 1837, s. 64. 
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cnrate comparartiv^ anatomy, to throw light oil the osteolog* 
ical branch of palasontology — ^the archaeology of organic life ; 
but the actual geognostic views of the doctrine of fossil re- 
mains, the felicitous combination of the zoological character 
with the order of succession, and the relative ages of strata, are 
due to the labors of George Cimer and Alexander Biongniart. 

The ancient sedimentary formations and those of transi- 
tion Tocks exhibit, in the organic remains contained within 
them, a mixture of structures very variously situated on the 
scale of progressively-developed organisms. These strata con- 
tain but few plants, as, for instance, some species of Fuci, 
LycopodiacesB which were probably arborescent, EquisetacesB, 
and tropical ferns ; they present, however, a singular associa- 
tion of animal forms, consisting of Crustacea (trilobites with 
reticulated eyes, and Calymene), Brachiopoda {Spirifert Or- 
this)y elegant SphsBronites, nearly allied to the Crinoidea,* Or- 
thoceratites, of the family of the Cephalopoda, corals, and, 
blended with these low organisms, fishes of the most singular 
forms, imbedded in the upper silurian formations. The fam- 
ily of the Cephalaspides, whose fragments of the species 
JPteriditys were long held to be trilobites, belongs exclusively 
to the devonian period (the old red), manifesting, according 
to Agassiz, as peculiar a type among fishes as do the Ichthy- 
osauri and Plesiosauri among reptiles, t The Goniatites, of 
the tribe of Ammonites,^ are manifested in the transition 
chall^, in the graywacke of the devonian periods, and even in 
the latest silurian formations. 

The dependence of physiological gradation upon the age of 
the formations, which has not hitherto been shown with per- 
fect certainty in the ease of invertebrata,^ is most regularly 
manifested in vertebrated animals. The most anoient of 
these, as we have already seen, are fishes ; next in the order 
of succession of formation, passing from the lower to the up- 
per, come reptiles and mammalia. The first reptile (a Sau- 
rian, the Monitor of Cavier), which excited the attention of 
Xicibnitz,!! is found in cuperiferous schist of the Zechfitein of 

* Leop. von Bach, GeinrgsformaHonenffon RitUUmd, 184<J, 0. 34-40i, 

t Agassiz, Monographic des Poistons FosHUt du views CMm Rouge, 
p.vi. and 4. 

t Leop. von Bach, in the Abhandl, der Berl. Akad., 1S38, a, 149^168 ^ 
Beyrich, Beitr, zur Kenntniit dee Rheiniechen Uebergangtg^rgee, 1837, 
B. 45. 

$ Agassiz, Recherehes sur les^ Poietone FoitUee^ t i., JnUrad^ p. xyiu. % 
Davy, Consolation in Travel, dial. iii. 

|{ A Protosauras, aceording to Hermann von Meyer. The xib of » 
M 2 
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Thuringia ; the PaliBosaurus aiid Theoodontosaurus df Bris- 
tol are, according to Murchison, of the same age. The Sau- 
rians are found in large numbers in the muschelkalk * in the 
keuper, and in the oolitic formations, where they are the most 
numerous. At the period of these formations there existed 
Plesiosauri, having long, swan^e necks consisting of thirty 
vertebrsBj Megalosauri, monsters resembling the crocodile, 
forty-five feet in length, and having feet whose bones were 
like those of terrestrial mammalia, eight species of large-eyed 
Ichthyosauri, the Geosaurus or Lacerta gigantea of Som- 
mering, and, finally, seven remarkable species of Pterodac- 
tyles,t or Saurians furnished with membranous wings. In 
the chalk the number of the crocodilial Saurians diminishes, 
although this epoch is characterized by the so-called crocodile 
of Maestricht (the Mososaunis of Conybeare), and the colos- 
sal, probably graminivorous Iguanodon. Cuvier has found 
animals belonging to the existing families of the crocodile in 
the tertiary formation, and Scheuchzer's antediluvian man 
{homo diluvii testis), a large salamander allied to the Ax- 
olotl, which I brought with me from the large Mexican lakes, 
belongs to the most recent fresh-water formations of CEInin- 
gen.J 

The determination of the relative ages of organisms by the 
superposition of the strata has led to important results regard- 
ing the relations which have been discovered between extinct 
families and species (the latter being but few in number) and 
those which still exist. Ancient and modern observations 
concur in showing that the fossil floras and faunas differ more 
from the present vegetable and animal forms in proportion as 
they belong to lower, that is, more ancient sedimentary for- 
mations. The numerical relations first deduced by Cuvier 

Sanrian aoierted to have been found in the mountain limestone (car- 
bonate of lime) of Northumberland (Herm. von Meyer, Palaologiea, s. 
299), is regarded by Lyell {Geology, 1832, vol. i., p. 148) as very doubt- 
ful. The discoverer himself referred it to the alluvial strata which 
cover the mountain limestone. 

* F. von Alberti, Monographie des Bunten Sdndtteins, Muschelkalks 
und Kmpers, 1834, s. 119 und 314. 

t See Hermann von Meyer's ingenious considerations regarding the 
organization of the flying Saurians, in his PaUsologiea, s. 228-252. In 
the fossil specimen of the Pterodactylus crassirostris, which, as w^ell as 
the longer known P. longirostris (Omithocephalus of Sl^mmering), was 
found at Solenhofen, in the lithographic slato of the upper Jura rorma- 
tion, Professor Goldfuss has even discovered traces of the membranous 
win^, " with the impressions of curling tufts of hair, in some places a 
full inch in length." % [Anstod's Ancient Worlds p. 56.]— STr. 
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from the great pbeaomena of l^e n^tamotphism of organic 
life ,• have led, through the admirable labors of Desh^es and 
LyeU, to the most marked results, especially with reference to 
the different groups of the tertiary formations, which contain 
a considerable number of accurately investigated structures. 
Agassiz, who has examined 1700 species of fossil fishes, and 
who estimates the number of living species which have either 
been described or are preserved in museums at 8000, expressly 
says, in his masterly work, that, " with the exception of a few 
spaall fossil fishes peculiar to the argillaceous geoiies of Green- 
land, he has not found any animal of this class in all the tran 
sition, secondary or tertiary formations, which is specifically 
identical with any still extant fish." He subjoins the im- 
portant observation " that in the lower tertiary formations, 
for instance, in the coarse granular calcareous beds, and in the 
London clay.t one third of the fosail fishes belong to wholly 
extinct families. Not a single species of a still extant family 
is to be found under the chalk, while the remarkable family 
of the Sauroidi (fishes with enaiBieled scales), almost allied 
to reptiles, and which are found from the coal beds — ^in whieh 
the larger species lie— to the chalk, where they occur Individ^ 
ually, bear the same relation to the t^y^o faqiilies (the Lepi- 
dosteus and Pplypterus) which inhabit the American rivers 
and the Nile, as our present elephants and tapirs do to the 
Mastodon and Anaplotheriun of the primitive world."} 

The beds of chalk which contain two of these sauroid fishes 
and gigantic reptiles, and a whole extinct world of corals and 
muscles, have been proved by Ehrenberg's beautiful discov- 
eries to conffist of microscopic Polythalamia, many of which 
stiU exist in our seas, and in the middle latitudes of the North 
Sea and Baltic. The first group of tertiary formations above 
the chalk, which has been designated as belonging to the 
^Eocene Period, da^ not, therefore, merit that designation, 
since *' the dawn of the world in which we live extends much 
further back in the history of the past than we have hitherto 
supposed."}. 

As we have already seen, fishes, which are the most ancient 
of all vertebrata, are foimd in thd silurian transition strata, 

* Cuvier, Recherches sur les Ottemens FossileSf t. i., p. 52-57. See, 
aUo, the geological scale of epochs m, Phillips's Geology ^ 1837, p. 166- 
1.85. t [See Wwder* o/Gco/og'y,yoLi., p. 230.]— ^r. 

% A^siz, PoisaoM Fosdlee, t. i., p. 30, and t. iii., p. 1-52 ; Buck- 
land, Geology, vol. i., p. 273-277. 

$ Ehrenberg, Ueber noch jetzt lebende Tkierarten der Kreidebildung, 
in the Abhandl. der Berliner Akad., 1839, s. 164. 
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fttid then uninterruptedly on through all formations to the 
strata of the tertiary period, while Saurians begin with the 
zechstone. In like manner, we find the first mammalia 
( Thylacotherium Frevostii, and T. Bnddandii, which are 
nearly aUied, according to Valenciennes * with marsupial an- 
imals) in the oolitic formations (Stonesfield schist), and the 
first birds in the most ancient cretaceous strata.t Such are,' 
according to the present state of our knowledge, the lowest^ 
limits of fishes, Saurians, mammalia, and birds. 

Although corals and Serpulidss occur in the most ancient 
formations simultaneously with highly-developed Cephalopodes 
and Crustaceans, thus exhibiting the most various orders 
grouped together, we y^t discover very determinate laws in 
the case of many individual groups of one and the same or- 
ders. A single species of fossil, as Goniatites, Trilobites, or 
Nummulites, sometimes constitutes whole mountains. Where 
different families are blended together, a determinate succes- 
sion of organisms has not only been observed with reference 
to the superposition of the formations, but the association of 
certain families and species has also been noticed in the lower 
strata of the same formation. By his acute discovery of the 
arrangement of the lobes of thei^ chamber-sutures, Leopold 
von Buch has been enabled to divide the innumerable quan- 
tity of Ammonites into, well-characterized families, and to 
show that Ceratites appertain to the muschelkalk, Arietes to 
the lias, and Goniatites to transition limestone and gray wacke.^ 
The lower limits of Belemnites are, in the keupet, covered by 
Jura limestone,* and their upper limits in the chalk fotroa- 
tions.ll It appears, from what we now know of this subject, 
that the waters must have been inhabited at the same epoch, 
and in the most widely-remote districts of the world, by shell- 
fish, which were, at any rate, in part, identical with the fossil 
remains found in England. Leopold von Buch has discovered 
exogyra and tngonia in the southern hemisphere (volcano of 

* Valenciennes, in the Comptes Rendus de VAcadimie det Science*, t, 
Yii., 1838, Part ii., p* 580. 

t In die Weakl clay; Beudant, GSologie, p. 173. The omitholitei 
increase in number in the gypsum of the tertiary formations. Cuvier, 
OaeernenM Fotsiks, t. ii., jp. 302-328. 

X [Recent collections from the southern hemisphere show that tins 
distribution was not so universal during the earlier epochs as has gexh 
erally been supposed. See papers by Oarwin, Sharpe, Morris, and 
M'Coy, in the OeologicdL Journal.'] — Tr. 

$ Loop, von Buch, in the Abhandl. der Berl. Akad., 1830, s. 135tW 

B Quenstedt, Flotzgdnrge Wftrtemberga, 1843, s. 135. 
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Maypo in Chili), and D'Orbigny has deecribed AmmofiiteB 
and Gryphites from the Himalaya and the Indian plains of 
Cutch, these lemains being identical with those ibiud in the 
old Jurassio sea of Gennany and France. 

The strata which are distinguished by definite kinds of pet- 
rifactionS) or by the fragments contained within them, form 
a geognostio horizon, by which the inquirer may guide his 
steps, and axiive at certain conclusions regarding the identity 
or relatiye age of the formations, the periodic recurrence of 
certain strata, their parallelism, or thdr total suppression. If 
we clasdfy the type of the sedimentary structures in the sim- 
plest mode of generalization, we arrive at the following series 
in proceeding from below upward : 

1. The so-called transition rockSy in the two divisions of 
upper and lower graywaoke (silurian and devonian systems), 
the latter being formerly designated as old red sandstone. 

2. The lower trios* comprising mountain limestone, coal- 
measures, together with the lower new red sandstone (Todt- 
liegende and Zeohstein).! 

3. The ttpper trias^ including variegated sandstone, t mu» 
che^alk, and keuper. 

4. Jura limestone (lias and oolite). 

5. Green sandstone, the quader sanstein, upper and lowet 
chalk, terminating the secondary formations) which begin with 
limestone. 

6. Tertiaary formations in three divisions, distinguished as 
granular limestone, the ligfnites, and the sub-Apennine gravel 
of Italy. 

Then follow, in the alluvial be^, the colossal bones <^the 
mammalia of the primitive world, as the mastodon, dinothe- 

* Quenatedt, Flotzgebirge Witrtembergtf 1843, s. 13. 

t Murohison makes two divisions of tne hurUer Mndstone, the upper 
being the same as the trias of Alherti, while of the lower division, to 
which the Votffet sandstone of £Ue de Beenmont belongs — the xeeh^ 
ttein and the to€Uliegend&-*he forms his Permian system. He maJces 
the secondary formations comme^e with the upp^r trios, that is to say, 
with the upper division of our (German) banter sandstone, while the 
Permian system* the carboniferous or mountain limestone, and the 
devonian wad silurian atrata, constitute his ptdaoz&ie formations. Ac- 
cording to these views, the chalk and Jura constitute the uppm-, and 
the keuper, l^e muschelkalk^ and the banter sandstone the lower Beo» 
ond&ry folnziaticms, while Uie Fertnian system and the carboniferous 
limestone are the upper, eitd the devonian and silurian strata are the 
lower pal8Boz(»B formatioiL The fondamental principles of this general 
classification are developed in the great work m which this indefatigft* 
ble British geologist purposes to desonbe the geology of a \ufgd part of 
Evttem Etvope, 
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rium, missiirium, and the megatherides, among which is 
Owen's sloth-like mylodon, eleven feet in length.* Besides 
these extinct families, we find the fossil remains of still extant 
animals, as the elephant, rhinoceros, ox, horse, and stag. The 
field near Bogota, called the Gampo de Gigantes, which is 
filled with the bones of mastodons, and in which I caused ex- 
cavatidns to be made, lies 874Q feet above the level of tho 
sea, while the osseous remains, found in the elevated plateaux 
of Mexico, bebng to true elephants of extinct species.t The 
projecting spurs of the Himalaya, the Sewalik Hills^ which 
have been so zealoualy investigated by Captain CaiitleyJ and 
Dr. Falconer, and the Cordilleras, whose elevations are, prob- 
ably, of very difierent epochs, contain, besides numerous mas- 
todons» the sivatherium, and the gigantic land tortoise of the 
primitive world {Colossocheh/s)y which is twelve feet in length 
and six in height, and several extant families, as elephants, 
rhinoceroses, and girafies ; and it is a remarkable fact, that 
these remains are found in a zone which still enjoys the same 
tropical climate which must be supposed to have prevailed at 
the period of the mastodons. ^ 

Having thus passed in review both the inorganic formations 
of the earth's crust and the animal remains which are con- 
tained within it, another branch of the history of organic life 
still remains for our consideration, viz., the epoch of vegeta- 
tion, and the successive floras that have occurred simul- 
taneously with the increasing extent of the dry land and the 
modifications of the atmosphere: The oldest transition strata, 
as we have already observed, contain merely cellular marine 
plants, and it is only in the devoiiian system that a few cryp- 
togamio forms of vascular plants (Calamites and Lycopodi- 
acese) have been observed. II Nothing appeaxs to corroborate 

♦ [See Mantell's Wonders of Oeologyj vol. i., p. 168.]— TV. 

t Ouvier, Ossemens FosnleSf 1821, t. i., p. 157, 261, and 264. See, 
also, Humboldt, Ueber die Hochebene van Bogoia^ in the Deut$ckm 
VierteljahrB-tchnfi, 1839, bd. i., 8. 117. 

t CThe fossil fauna of the Sewalik range of hilk, skirting the south- 
em base of the Himalaya, has proved more abundant in genem and 
species, of mammalia than that of any other region yet expored. Am 
a general expression of the leading features, it may be stated, iSbat it 
appears to have been composed of representative forms of all ages, 
ficom the oldest of the tertiary period downio the modenif and of €tU the 
geographical divisions of the Old Continent grouped together into one 
comprehensive fauna. Fauna Antiqua SivaliensiSf by Hugh FaUsoner, 
M.D., and Major P. T. Cautley.]— Tr. 

$ Journal of the Asiatic Soeiety, 1844, No. 15, p. 109. 

II Beyrich, in Karsten's ArchivfUr Mineralogies 1844, bd. xviii., t» 218 
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the theoretical viewa that have be^i started regarding the 
simplicity of primitive forms of organic life, or that vegetable 
preceded animal life, and that the former was necessarily de- 
pendent upon the latter* The existence of races of men in^ 
habiting the icy regions of the North Polar lands, and whose 
nutriment is solely derived from fish and cetaceans, shows the 
possibility of maintaining life independently of vegetable sub- 
stances. After the devonian system and the mountain lime*- 
stone, we come to a formation, the botanical analysis of which 
has made such brilHant adVances in modern times.* The 
coal measures contain not only fern-like cryptogamic plants 
and phanerogamic monocotyledons (grasses, yucca-like Liha- 
ceae, and palms), but also gytnnospermic dicotyledons (Coniferae 
and Cycadese), amounting in all to nearly 400 species, as char- 
acteristic of the coal formations. Of these we will only enu- 
merate arborescent Calamites and Lycopodiacese, scaly Lepi- 
dodendra, Sigillarise, which attain a height of sixty feet, and 
are sometimes found standing upright, being distinguished by 
a double system of vascular bundles, cactus-like Stigmarise, a 
great number of ferns, in some cases the stems, and in others 
the fironds alone being found, indicating by their abundance 
the insular form of the dry land,t Cycade8B,$ especially palms, 
although fewer in number, § Asterophyllites, having whorl-like 
leaves, and allied to the Naiades, with araucaria-like Coniferse,!! 
"^hich exhibit faint traces of annual rings. This difference of 
character from our present vegetation, manifested in the vege- 
tative forms which were so luxuriously developed on the drier 

* By the hnxiortaot labors of Coont Stomb^^, Adolphe Brongniart, 
GOppert, and tindley. 

t See Robert Brown's Botany of Congo^ p. 42, and the Memoir of 
the unfortunate D'Urville, De la Distribution des Fbugires mr la 8ur- 
face du Olobe Tefrettte. 

X Such are the Oycadese discovered by Count Sternberg in the old 
carboniferous formation at Badnitz, in Bohemia, and described by 
Corda (two species of Cycatides and Zamites Cordai. See G5ppert, 
FossHe Cycadeen in den Arbeiten der Schles. Oesellsckaft, fur vaterL 
CuUur im Jahr 1843, s. 33, 37, 40, and 50). A Cycadea (Pterophvllum 
gonorrhachis, Gftpp.) has also been found m the carboniferous forma- 
tions in Upper Silesia, at KdnigshOtte. 

$ Lindley, Fossil Flora^ No. xv., p. 163, 

II FossU ConifertBj in Bucklattd*s Geoloeyt p. 483-490. Witham has 
the great merit of having first recognized the existence of Coniferse in 
the early vegetation of the old carboniferous formation. Almost all the 
trunks of trees found in this formation were previously regarded as 
palms. The species of the genus Arauearia are, however, not pecul- 
iar to the coal TormationB of the British Islands; they likewise occur in 
Upp^ Silesia. 



Digitized by VjOOQ IC 



260 COSMOS. 

and more elerated portioiu of the old red sandstone, was main- 
tained through all the suhsequent epochs to the most recent 
chalk formations ; amid the peculiar charaoteristios exhibited 
in the vegetable forms contained in the coal measures, there 
is, however, a stdkingly-marked pievalence of the same fami- 
lies, if not of the same species,'*^' in all parts of the earth as it 
then existed, as in New Holland, Canada, Greenland, and 
Melville Island. 

The vegetation of the primitive period exhibits forms which, 
from their simultaneous affinity inth several families of the 
present world, testify that many intermediate .links must have 
become extinct in the scale of organic deveh^mient. Thus, 
for example, to mention only two instances, we would notice 
the Lepidodendra, which, according to Lindley, occupy a place 
between the ConifersB and the LyoopodiaceflB,t and the Aiau- 
cariee and pines, which exhibit some peculianties in the union 
of their vascular bundles. Even if we limit our consideration 
to the present world alone, we must regard as highly import- 
ant the discovery of Cycadeee and ConifersB side by side with 
SagenarisB and Lepidodendra in the ancient coal measures. 
The Coniferss are not only allied to Cupuliferse and Betalinse, 
with which we find them associated in lignite formations, but 
also with LycopediaceeB. The family of the sago4ike Gyca- 
desB approaches most nearly to palms in its extemal appear- 
ance, while these plants are specially alUed to Coniferae in re- 
spect to the structure of their blossoms and seed.:( Where 
many beds of coal are superposed over ons another, the &mi- 
lies and species are not always blended, being most frequently 
grouped together in separate genera ; Lycopodiaceae and cer^ 
tain ferns being alone found in one bed, and StigmariaB and 
Sigillarige in another. In order to give some idea of the lux- 
uriance of the vegetation of the primitive world, and of the 
immense masses of vegetable matter which was doubtlessly 
accumulated in currents and converted in a moist condition 
into coal,} I would instance the Saarbriicker coal measures, 

* Adolphe Brongmort, Prodrome cPune Hi$t. des VigUaux Foigiles, p. 
179 ; Backland, Geology , p. 479 ; Eodlicber aod Uoger, GrundzUge der 
Botcmikf 1843, s. 455. 

t " By means of Lepidodeudron, a better passage is established from 
flowering to flowerless plants than by either Equisetum or Cycas, or 
any other known geaas."— Lindley iad Hntten, FosHl I%ora, vol. ii., 
p. 53. 

4 Kunth, Anordnwig der P^fianzenfamHiefif in his Hcmdb. der Botanikp 
s. .307 and 314. 

$ That coal has not been formed from vegetable fibers charred by 
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whete 120 bedd are superposed on one another, exclusive of a 
great many which are less than a foot in thickness ; the coal 
beds at Johnstone, in Scotland, and those in the Creuzot, in 
Burgundy, are some of thetn, respectively, thirty and fifty feet 
in thickness,* while in the forests of our temperate zones, the 
carbon contained in the trees growing over a certain area 
would hardly suffice, in the space of a hundred years, to cover 
it with more than a stratum of seven French lines in thick- 
ness, t Near the mouth of the Mississippi, and in the "wood 
hills" of the Siberian Polar Sea, described by Admiral Wran- 
gel, the vast number of trunks of trees accumulated by river 
and sea water currents affi)rds a striking instance of the 
enormous quantities of drift-wood which must have favored 
the formation of carboniferous depositions in the inland waters 
and insular bays. There can be no doubt that these beds 
owe a considerable portion of the substances of which they 
consist to grasses, small branching shrubs, and cryptogamic 
plants. 

The association of palms and CoiiiferSB, which we have in- 
dicated as being characteristic of the coal formations, is dis- 
coverable throughout almost all formations to the tertiary 
period. In the present condition of the world, these genera 

fire, but that it has more probably bedii prodoced in the moist way by 
the action of sulphuric acid, is strikingly demonstrated by the excellent 
obserration made by GSppert (Karsten, Arckiv f&r Mineralogie, bd. 
zviii., s. 530), on the convenk>n of a feagment of amber-tree into black 
eoal. The coal and the nnaltered amber lay side by side. Regarding 
the part which the lower forms of vegetation may have had in the for- 
mation of coal beds, see Link, in the Abhandl, der Berliner Akademie 
der Wissenscliaften, 183S, s. 38. 

' * ^The actu^ total thickness of the difierent beds in Bngland varies 
considerably in different districts, but appears to amount in the Lanca- 
shire coal field to as much as 150 feet.-^Ansted's Ancient World, p. 
78. For an enumeration of the thickness of coal measures in America 
and the Old Continent, see Mantell's Wonders of Creology^ vol. ii,, p. 
6d.]— TV. 

t See the accurate labors of Chevendier, in the Compter Rendus de 
VAcadSmie des Sciences, 1844, t. xviii.j Part i., p. 285. Li comparing 
this bed of carbon, seven lines in thickness, with beds of coal r we must 
not omit to consider the enormous pressure to which the latter have 
been subjected from superimposed rock, and which manifests itself in 
the flattened form of the stems of the trees found in these subterranean 
regions. '' The so-called wood-hills discovered in 1806 by Sirowatskoi, 
on the south coast of the island of New Siberia, consist, according to 
HedenstrOm, of horizontal strata of sandstone, alternating with bitu- 
minous trunks of trees, forming a mound thirty fathoms in height ; at 
the summit the stems were in a vertical position. The bed of drift* 
wood is visible at five worsts' distance.'* — See Wrangel, Reise Icings 
der NordkUste von Siberien, in den Jahren 1820-24, th. i., s. 102. 
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appear to exhibit no tendency whatever to occur aaaociated 
together. We have to accustomed ourselves, although erre- 
neously, to regard Conifene as a northern fomii that I experi- 
enced a feeling of surpiise when, in ascending from the shores 
of the iSonth Pacific toward Chilpansingo and the elevated 
valleys of Mexico, between the Venta de la Moxonera and the 
Alto de los Caxones, 4000 feet above the level of the sea, I 
rode a whole day through a dense wood of Pinus oocidentalis, 
where I observed that these trees, which are so similar to the 
Weymouth pine, were associated vidth fan palms* ( Corypha 
dulcis)^ swarming with brightly-colored parrots. South Amer- 
iciuhas oaks, but not a single species of pine ; and the first 
time that I again saw the iamiUar form of a fir-tree, it was 
thus associated with the strange appearance of the fan palm.t 
Christopher Columbus, in his first voyage of discovery, saw 
Conifers and palms growing together on the northeastern ex- 
tremity of the island of Cuba, likewise within the tropics, and 
scarcely above the level of the sea. This acute observer, 
whom nothing escaped, mentions the fact in his journal as a 
remarkable circumstance, and his friend Anghiera, the secre- 
tary of Ferdinand the Catholic, remarks with astonishment 
** that palmeta and pineta are found associated together in 
the newly-discovered land." It is a matter of much import- 
ance to geology to compare the present distribution of plants 
over the earth's surface with that exhibited in the fossil floras 
of the primitive world. The temperate zone of the southern 
hemisphere, which is so rich in seas and islands, and where 

* This coiypha is the goyate (in Aztec, zoy€U.l)j or the Palma dulce of 
the natives. See Humboldt and Bonpland, Synopsis Plant, jEquinoet. 
Orhis Novif t. i., p. 302. Professor Buschmann, who is profoundly ac- 
quainted with the American languages, remarks, that the Palma soyate 
is so named in Yepe*s Voeabulario de la Lengua Othomi, and that 1^ 
Aztec word zojatl (Molina, Voeabulario en Lengua Mexieana y Castel- 
lana, p. 25) recurs in names of places, such as Zojatitlan and Zoya- 
panco, near Chiapa. 

t Near Baracoa and Cayos de Moya. See the Admiral's journal of 
the 25th and 27th of November, 1492, and Humboldt, Examen Critique 
de VHist. de la G4ographie du Nouveau Continent, t. ii., p. 252, and t. 
iii., p. 23. Columbus, who invariably paid the most remarkable atten- 
tion to all natural objects, was the first to observe the difference be- 
tween Podoearpus and Pinus. " I find," said he, " en la tierra aspera 
del Oibao pinos que no llevan pinas (fir cones), pero portal orden com- 

Suestos por naturaleza, que (los fi*utos) parecen azeytunas del Axarafe 
e Sevilta." The great botanist, Richard, when he published his ex- 
cellent Memoir on CycadesB and Coniferifi, little imagined that before 
the time of L*H§ritier, and even before the end of me fifteenth cen- 
tury, a navigator had separated Podoearpus from the Abietineie, 
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tropical fonns blehd bo remarkably with those of ooMer parts 
of the earth, presents, aocording to Darwin's beautiful and 
animated descriptions,* the most instructive materials for the 
study of the present and the past geography of plants. The 
history of the primordial ages is, in the strict sense of the 
word, a part of the history of plants. 

CycadesB, which, from the number of their fossil species, must 
have occupied a far more important part in the extinct than 
in the present vegetable world, are associated with the nearly 
allied ConifersB from the coal formations upward. They are 
almost wholly absent in the epoch of the variegated sandstone 
which contains ConifersB of rare and luxuriant structure ( Vol- 
tiziUi Haidingera, Albertia) ; the Cycadeae, however, occur 
most frequently in the keuper and lias strata, in which more 
than twenty different forms appear. In the chalk, marine 
plants and naiades predominate. The forests of CycadesB of 
the Jura formations had, therefore, long disappeared, and ev^i 
in the more ancient tertiary formations they are quite subor- 
dinate to the ConifersB and palms.f 

The lignites, or beds of brown coal^: which are present in 
all divisions of the tertiary J)eriod, present, among the most 
ancient cryptogami^ land plants, som^ few palms, many Co- 
niferae having distinct annual rings, and foHaceous shrubs of a 
more or less tropical character. In the middle tertiary period 
we again find palms and Cycadeae fully established, and final- 
ly a great similarity with our existing flora, manifested in the 
sudden and abundant occurrence of our pines and firs, Cupu- 
lifersB, maples, and poplars. The dicotyledonous stems found 
in lignite are occasionally distinguished by colossal size and 
great age. In the trunk of a tree found at Bonn, Noggerath 
counted 792 annual rings, i In the north of France, at Yseux, 
near Abbeville, oaks have been discovered in the turf moors 
of the Somme which measured fourteen feet in diameter, u 
thickness which is very remarkable in the Old Continent and 
without the tropics. According to Goppert's excellent inves- 
tigations, which, it is hoped, may soon be illustrated by plates, 
it would appear that " aU the amber of the Baltic comes from 

* Charles Darwin, Jowmal of Hke Voyages of the Aehenture and 
Beagle, 1839, p. 271. 

t GOppert describes three other Cycadefle (species of Cycadites and 
Fterophyllam), found in the brown carboniferous schistose clay of Alt- 
sattel and Oommotau, in Bohemia. They very probably belong to the 
Eocene Period. GOppert, Fosgile Cycadeen, s. 61. 

% IMedaU of Creation, voL i., ch. v., &c. Wonder* of Geology, vol. i., 
p. 278, 392.}—5rr. $ Buckland, Geology, p. 509. 
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a OflaifenmB tree, ivliieh, to jadgfe by the still extaiKt r^stains 
of the woo4 and the bark at difierent ages, approaches very 
nearly to our white and red pines, although ibnning a distinct 
species. The ambei^tree of the ancient world (Pinites szicct- 
fer) abounded in resin to a degree far surpassing that mani- 
fested by any extant coniferons tree ; for not only were large 
masses of amber deposited in and upon the bark, but also in 
the wood itself, following the course of the medullary rays, 
which, together with ligneous cells, are still discernible under 
the microscope, and peripherally between the rings, being some- 
times both yellow and white.'* 

** Among the vegetable forms inclosed in amber are male 
and female blossoms of our native needle-wood trees and Cupu- 
liferas, while fragments which are recognized as belonging to 
thuia, cupressus, ephedera, and castama vesca, blended with 
those of junipers and firs, indicate a vegetation different from 
that of the coasts and plains of the Baltic."* 

We have now passed through the whole series of formations 
comprised in the geological portion oi the present work, pro- 
ceedmg from the oldest erupted rock and the most ancient sed- 
imentary formations to the alluvial land on which are scat- 
tered those large masses of rock, the causes of whose general 
distribution have been so long and variously discnssed, and 
which are, in my opinion, to be ascribed rat^r to the pene- 
tration and violent outpouring of pent-up waters by the eleva- 
tion of mountain chains than to the motion of floating blocks 
of ice.t The most ancient structures of the transition formar 

* [The forests of amher-pines, Piniies mceiferf were in the soatbeasU 
em part of what it now the bed of the Baltic, in aboat 55^ N. lat^ 
and 37® B. long. The different colors of amber are derived from local 
chemical admixture. The amber contains fragments of vegetable mat- 
ter, and from these it has been ascertained that the amber-pine forests 
contained foor other species of pine (besides the Pinites tuecifer), sev- 
eral cypresses, yews, and junipers, with oaks, poplars, beeches, &c. — > 
altogether fort^-eight species of trees and shrubs, constituting a flora 
of North American character. There are also some ferns, mosses, fungi, 
and liverworts. See Professor Gt3ppert, C^eol. Ti-ans.f 1845. Insects, spi« 
ders, small crustaceans,, leaves, and fragments of vegetable tissue, are 
imbedded in some of the masses. Upward of 800 species of insects 
have been observed ; most of them belong to species, and even genera, 
that appear to be distinct from any now known, but others are nearly 
related to indigenous species, and some are identical with existing forms, 
that inhabit more southern climes. — Wonders of Otology ^ vol. i., p. 242, 
&C.T— Tr. 

t Leopold von Buch, in the Abhandl* der Akad, der Wissensek. zn 
Berlin, 1814-15, s. 161 ; and in Poggend,, Annalen, bd. ix., s. 575 ; Etie 
de Beaumont, in the Annates des Sciences Naturelles, t. xix., p. 60. 
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tion with which we are acquainted are slate and graywacke, 
which contain some remains of seaweeds liom the siluriaa<ur 
Cambrian sea. On what did these so-called most ancient for- 
mations lest, if gneiss and mica schiat must be regarded as 
changed sedimentary strata ? Dare we hazard a conjecture 
on that which can not be an object (^ actual geognostic observ- 
ation ? According to an ancient Indian myth^ the eajrth is 
borne up by an elephant, who in his turn is supported by a 
gigantic tortoise, in order that he may not fall ; but it is not 
permitted to the credulous Brahmins to inquire on what the 
tortoise zests. We venture here upon a somewhat similar 
problem, and are prepared to meet with opposition in our en- 
deavors to arrive at its solution. In the first formation of the 
planets, as we stated in the astronomical portion of this work, 
it is probable that nebulous rings revolving round the sun were 
agglomerated into spherokifl, and consolidated by a gradual 
condensation proceeding from the extmor toward the center. 
What we term the ancient siluxian strata ajre thus only the 
upper portions of the solid crust of the earth. The erupted 
rocks which have broken through and upheaved these strata 
have be^ elevated from depths that are wholly inaccessible 
to our research ; they must, therdbre, have existed under the 
Silurian strata, and been composed of the same association of 
minerals which we term granite, augite, and quartzose por- 
phyry, when they are made known to us by eruption through 
the surface. Basing our inquiries ca analogy, we may assume 
that the eubstances which fill up deep fissures and traverse the 
sedimentary strata are merely the ramifications of a lower de- 
posit. The foci of active volcanoes are situated at enormous 
depths, and, judging from the remarkable fragments which I 
have found in various parts of the earth incrusted in lava cur- 
rents, I should deem it more than probable that a primordial 
granite rock forms the substratum of the whole stratified edi- 
fice of fossil remains.** Basalt containing olivine first shows 
itself in the period of the chalk, tracl^yte still later, while erup- 
tions of granite belong, as we learn from the products of their 
metamorphic action, to the epoch of tlfe oldest sedimentary 
strata of the transition formation. Where knowledge can not 
be attamed from immediate perceptive evidence, we may be 
allowed from induction, no less than from a- careful comparison 
of facts, to hazard a conjecture by which granite would be re- 

* See Blie de Beaumont, D^tcr. OM. de la France^ t. I., p. 65 ; Bea- 
daot, GMogiet 1844, p. 209. 
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stored to a portion of its contestod right and title to be consid- 
ered as a primordial rocK. 

The recent progress of geognosy, that is to say, the more 
extended knowledge of the geognostic epochs characterized by 
difference of mineral formations, by the peculiarities and sue- 
cession of the organisms contained within them, and by the 
position of the strata, whether uphfted or inclined horizontally, 
leads us, by means of the causal connection eidsting among all 
natural phenomena, to. the distributicni of solids and fluids into 
the continents and seas which constitute the ujqper crust of our 
planet. We here touch upon a point of contact between geo- 
logical and geographical geognosy which would constitute the 
complete history of the form and extent of continents. The 
limitation of the solid by the fluid parts of the cartel's surface, 
and their mutual relations of area, have varied very consider- 
ably in the long series of geognostic epochs. They were very 
diflerent, for instance, when carboniferous strata were horizon- 
tally deposited on the incHned beds of the mountain hmestone 
aiid old red sandstone ; when lias and oolite lay on a substra- 
tum of keuper and muschelkalk, and the chalk rested on the 
slopes of green sandstone and Jura limestone. If, with Elie 
de Beaumont, we term the waters in which the Jura limestone 
and chalk formed a soft depesit the Jurassic or oolitic, and the 
cretaceous seas, the outlines of these formations will indicate, 
for the two corresponding epochs, the boundaries between the 
already dried land and the ocean in which these rocks were 
forming. An ingenious attempt has been made to draw maps 
of this physical portion of primitive geography, and we may 
consider such diagrams as more correct than those of the wan- 
derings of lo or the Homeric geography, since the latter are 
merely graphic representations of mythical images, while the 
former are based upon positive facts deduced from the science 
of geology. 

The results of the investigations made regarding the areal 
relations of the solid portions of our planet are as follows : in 
the most ancient times, during the sihirian and djevonian tran- 
sition epochs, und in* the secondary formations, including the 
trias, the continental portions of the earth were limited to in- 
sular groups covered with vegetation ; these islands at a sub- 
sequent period became united, giving rise to numerous lakes 
and deeply-indented bays ; and, finally, when the chains of 
the Pyrenees, Apennines, and Carpathian Mountains were 
elevated about the period of the more ancient tertiary forma- 
tions, large continents appeared, having almost their present 
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size.* In the alurian epoch, as well as in that in which the Cy- 
cadese ilourished in such ahundance, and gigantic saurians were 
living, the dry land, from pole to pole, was probahly less than it 
now is in the South Pacific and the Indian Ocean. We shall 
see, in a subsequent part of this work, how this prepondera- 
ting quantity of water, combined with other causes, must have 
contributed to raise the temperature and induce a greater uni- 
formity of climate. Here we would only remark, in consider- 
ing the gradual extension of the dry land, that, shortly before 
the disturbances which at longer or shorter intervals caused 
the sudden destruclion of so great a number of colossal verte- 
brata in the diluvial period, some parts of the present conti- 
nental masses must have been completely separated from one 
another. There is a great similarity in South America and 
Australia between still living and extinct species of animals. 
In New Holland fossil remains of the kangaroo have been 
found) and in New Zealand the semi-fossilized bones of an enor- 
mous Inrd, resembling the ostrich, the dinomis of Owen,t which 
is nearly allied to the present apteryx, and but Uttle so to the re- 
cently extinct dronte (dodo) of the island of Rodriguez. 

The form of the continental portions of the earth may, per- 
haps, in a great measure, owe their elevation above the sur- 
rounding level of the water to the eruption of quartzose por- 
phyry, which overthrew with violence the first great vegeta- 
tion from which the material of our present coal measures was 
£)rmed. The portions of the earth's surface which we term 
plains are nothmg more than the broad summits of hills and 
mountains whose bases rest on the bottom of the ocean. Every 
plain is, therefore, when considered according to its submarine 
relations, an elevated jpikUeau, whose inequalities have been 
covered over by horizontal deposition of new sedimentary for- 
mations and by the accumulation of alluvium. 

* £Tbese movements, described in so few words, were doubtless go- 
ing on for many thousands and tens of thousands of revolutions of our 
planet. They were accompanied, also, by vast but slow changes of other 
kinds. The expansive force employed in lifting up, by mighlj move- 
ments, the northern portion of the continent of Asia, found partial vent ; 
and from partial subaqueous fissures there were poured out the tabular 
masses of basalt occurring in Central India, while an extensive area of 
depression in the Indian Ocean, marked by the coral islands of the Lac- 
cadives, the Maldives, the great Ghagos Bank, and fiome others, were 
in the course of depression by a counteracting movement. — Ansted'a 
Ancient World, p. 346, &c.]— TV. 

t [See American Journal of Science, vol. xlv., p» 187 ; and Medal9 
of CreatioA, vol. ii., p. 817 ; Trans. Zoolog. Society of London, vol. ii. ; 
Wonders of Geolcgy, vol. i., p. 129.]— Tr. 
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Among iiie general suljecte sd coateiiipla;iion appertaiatng 
to a woik of tbu nature, a prominent pl»9e most be given, first, 
to the c<meideration of the quanUty of the land raised above 
the level of the sea, and, next, to the individual oonfigurafcion 
of each part, either in xelation to horizontal eactenflion (rda- 
tions of form) or to vertical elevation (hypaometrical relatione 
of mountain-chainB). Our planet has two envelopes, of which 
one, whicdi in general— -the atnmpkeie — \& eompoeed of an 
elastic fluid, and the other — ^the sear-^is only locally distribu' 
ted, surrounding, and theidforemodifying, the form of the land. 
These two envelopes of air and sea constitute a natural whole, 
on which depend the diflerenoe of climate on the earth's sur* 
face, according to tiie relative extension of the aqueous and 
solid parts, the form and tasipQCt of the land, and the direction 
and elevaticML of mountain ^ains. A knowledge i^ the xecip 
rocal action of air, sea, and land teaches us that great me- 
teorological phenomena can not be comprehended when couud- 
ered independently of geognostic relaticMis. Meteorology, as 
well as the geogm^y of plants and animals, has only begun 
to make actual progress since the mutual dependence of the 
phenomena to be investigated has been fully recognized. The 
word climate has o^rtamLy apecial zelerence to the character 
of the atmosi^ere, but this character is itself dependent on the 
perpetually concurrent influences of the ocean, which is uni- 
versally and deeply agitated by currents having a totally oppo- 
site temperature, and of radiation from the dry land, which va- 
ries greatly in form, dbvation, color, and fertility, whether we 
consider its bare, rocky portions, or those that are covered with 
arborescent or hezbaeeous vegetation. 

In the present condition of the sur&ce of our planet, the area 
of the sohd is to that of the fluid parts as 1 : 2}ths (accord- 
ing to Eigaud, as 100 :^70).* The ishmds form scarcely^ 
of the continental masses, which are so imequally divided that 
they consist of three timeg more land in the northern than in 
the southern hemisphere ; the latter being, therefore, preemi- 
nently oceanic. From 40^ soutii latitude to the Antarctic 
pole the earth is almost entirely coYcred with water. The 
fluid element predominates in like manner between the east- 
ern shores of the Old and the western shores of the New Con- 
tinent, being only interspersed with some few insular groups. 
The learned hydrographer Fleurieu has very justly named this 



Part 



See Trxauaetiont of the Cwanhridge Philosophical Society, vol. vi., 
t ii., 1837, p. 297. Other writen have given the ratio as 100 : 5^84. 
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rtui oe^atiic Inusib, ^n^ch, imckr thd fropicB, extends orer 145^ 
of longitude^ the Great Ocean, in contradistinction to all other 
a^fts. The southern and western hemispheres (reckonings the 
latter from the meridian ot Toieri^) are therefore more rich 
in water than any other region of the whole earth. 

These are the main points involved in the consideration of 
the relative quantity of land and sea, a relation which exer- 
mses so important an influence on the distribution of temper- 
ature, the variatioiM^ in atmoB{^eric pxeseture, the direction 
of the winds^ and the qua&tity <^' moisture contained in the 
air, with which the development of vegetation is so essentially 
CDitnected. When "dre consider that nearly three fourths ol 
tile upper sorfaee of our planet are covered with water,* we 
idiall be less surprised at tiie impei^t conditimi of meteorol- 
ogy before the begi&mng of the j^res^it century, since it is only 
during the subsequent period that numerous accurate observa- 
tions on the temperature of the sea at diierent latitudes and 
at different 9dnsom haive been made and numerically compared 
together. 

The horiaontai eoizfiguration of continents in their general 
Kelations^exteiffiion was already made a subject of inteuectual 
contemplation by the ancient Greeks. Conjectures were ad- 
vanced regarding the maximum of the extension from west to 
east, and Dicffiarc^us placed it, according to the testimony of 
Agflithemeras, in the latitude of Rhodes^ in the direction of a' 
line passing from the Pillars of Hercnleff to Thine. This line, 
which has been termed the paraUd of the diaphragm of IH- 
(x^ardms, is laid down with an astronomical accuracy of po- 
sition, which, as I have stated in another work, is well worthy 
of exdting surprise and admiration.f Strabo, who was proba^ 
bly influenced by Eratosthenes, jfcppears to have been so firmly 
oonvineed that this parallel of 36^ was the maximum of the 
extension of the then existing world, that he supposed it had 
some intimate connection with the form of the earth, and 
therefore places under this* line the continent whose existence 

* In the Middle Agetf, the o{MBioa pvevafled that the sea covered only 
one aeventhof the Mmoe of the §^be, anqainion which Caidinald'Ailly 
(^Jtna^oMundij cap. 8) founded on the foortb apocryphal book of EsdniB. 
ColomboB, who derived a great portion of his cosmographical knowledge 
from the cardioars work, was much interested in upholding this idea 
of the smallness of the sea, to which the mimnderstood expression of 
*' the ocean stream" contributed not a litde. See Humboldt, Estamem 
CrUique de VHist, de la GSographUj t. i., p. 186. 

t Agathemerus, in Hudson, Oeographi Mtnores, t. ii., p. 4. See 
Humboldt, AHe CeiUr., t. i., p. 120-155. 

Vol. I.— N 
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lie divined in the nortbem hemisphere, between Thezia and 
the coastB of Thine.* 

As we have already remarked, one hemisphere of the earth 
(whether we divide the sphere through the equator or through 
the meridian of Tenerifie) has a much greater expansion of 
elevated land than the opposite one : these two vast ocean- 
girt tracts of land, which we term the eastern and western, 
or the Old and New Continents, present, hovirever, conjointly 
with the most striking contrasts of configuration and position 
of their axes, some similarities of form, especially with r^er- 
enoe to the mutual relations of their opposite coasts. In the 
eastern continent, the predominating direction — the position 
of the major axis — ^inclines from east to west (or, more cor- 
rectly speaking, from southwest to northeast), while in the 
western continent it inclines firom south to north (or, rather, 
from aouth-southeast to north-northwest). Both terminate to 
the north at a parallel coinciding neariy with that of 70^, 
while they extend to the south in pyramidal points, having 
submarine prolongations of idands and shoals. Such, for in- 
stance, are the Archipelago of Tierra del Fuego, the liagullas 
Bank south of the Cape of Geod Hope, and Van Biemen's 
Land, separated from New Holland by Bass's Straits. Norths 
em Asia extends to the above parallel at Cape Taimura, which, 
according to Krusenstem, is 78^ 16', while it falls below it 
firom the mouth of the Great Tschukotisclya River eastward 
to Behring's Straits, in the eastern extremity of Asia — Cook's 
East Cape — ^which, according to Beechey, is only 66° 3'.t 
The norlhern shore of the New Continent follows with tolei^ 
able exactness the parallel of 70^, since the lands to the north 
and south of Barrow's Strait, from Boothia Felix and Victoria 
Land, are merely detached islands. 

The pyramidal configuration of all the southern extremities 
of continents belongs to the simUitudines physicca in configu- 
ratione munfli, to which Bacon already called attention in his 
Novum Organon, and with which Reinhold Foster, one of 
Cook's companions in his second voyage of circumnavigation, 
connected some ingenious considerations. On looking eastward 
from the meridian of Tenerifie, we perceive that the southern 
extremities of the three continents, viz., Afirica as the extreme 

* Strabo, lib. L, p. 65, Casaab. See Humboldt, Eaamen Crit., t. i.^ 
p. 152. 

t On the mean latatode of the Northern Asiatic shores, and the true 
name of Oape Taimura (Oape Siewero-Wostotschnoi), and Cape North- 
east (Sohala^oi Mys), see Humboldt, Atie Centrak, t. iii., p. 35, 37. 
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of the Old World, Australia, and South America, suecessiveiy 
approach nearer toward the south pole. New Zealand, whose 
length extends fully 12^ of latitude, forms an intermediate 
link between Australia and South America, likewise termina- 
ting in an island, New Xieinster. It is also a remarkable cir- 
cumstance that the greatest extension toward the south falls 
in the Old Contin^it, under the bsxob meridian in which the 
extremest projection toward the north pole is manifested. This 
will be perceived on comparing the Cape of Good £bpe and 
the LaguUas Bank with the North Cape of Europe, and the 
peninsula of Malacca with Cape Taimura in Siberia * We 
know not whether the poles of the earth are surroimded by 
land or by a sea of ice. Toward the north pole the parallel 
of 82^ 55' has been reached, but toward the south pole only 
that of 780 10'. 

Th^ pyramidal tenmnations of the great continents are vari- 
ously repeated on a smaller scale, not only in the Indian Ocean, 
and in the peninsulas of Arabia, Hindostan, and Malacca, but 
also, as was remarked by Eratosthenes and Polybius, in the 
Mediterranean, where these writers had ingeniously compared 
together the forms of the Iberian, Italian, and Hellenic penin- 
sulas.! Europe, whose area is five times smaller than that 
of Asia, may almost be regarded as a multifariously articulated 
western peninsula of the more compact mass of the c(mtinent 
of Asia, the climatic relations of the former being to those of 
the latter as the peninsula of Brittany is to the rest of France.t 
The influence exercised by the articulation and higher devel- 
opment of the form of a continent on the moral and intellect- 
ual condition of nations was remarked by Strabo,f who extols 

* Humboldt, Atie Cenirale, t. i., p. 198-200. The southeru ]^int 
of America, and the Archipelago which we call Terra del Fuego, fie in 
the meridian of the northwestern part of Baffin's Bay, and of the great 
polar land, whose limits have not as yet been ascertained, and which, 
perhaps, belongs to West Greenland. 

t Strabo, lib. ii., p. 92, 108, Casaab. 

t Humboldt, Ade Central6f t. iii., p. 25. As early as the year 1817, 
in my work De dittribtUione OeograpkUd PlaaUarum, teewndum cali 
temperiem, et alHtudinem MonHumt I dircMsted attention to the import 
ant influence of compact and of deeply-articulated continents on climate 
and human civilization^ " Regiones vel per sinus Innatos in longa comua 
porrectffi, an^osis littorum recessibus ^uasi membratim discerptae, vel 
spatia patentia in immensum^ quorum littora nullis incisa angulis ambit 
sme anfraetu oceanus'' (p. 81, 182). On the relations of the extent of 
coast to the area of a continent (considered in some degree as a meas> 
ure of the accessibility of the interior), see the inquiries in Berghaus, 
Annalea der Erdkunde, bd. xii., 1835, s. 490, and PhynkcU, Atias, 1839 
No. iii., s. 69. $ Strabo, lib. ii., p. 92, 196, Casaul?. 



Digitized by VjOOQ IC 



3^ coaMOfl. 

tbft iramd fona of our kboslH ocmtineat aa a speoud adTo&tage. 
A&io»* ftad Sooth Amexica, which maaifett so great a resem* 
Uaaee ia Iheir oo]ifigiuratiDa« axe also the two coatiiients that 
exhibit th/e aiioplest Uttoral outlmes. It is only the eastern 
ahof ea of Aata» whi^ hiokexi as it w^re by the force ci the 
Qurrenta of the oceKit {fractas ex^ aquare terras), exhibit a 
xiohly-variegated coofiguEation, peninsulaa and eoinigaous isl- 
ands alterckatuAg from the equator to 60^ noith hUatude. 

Our Atlaiitic Ooeaa pieaanta all tha indieatioas of a Yalley. 
It is as if a flow of eddying waters had been dizected first to- 
ward the aortheiist^ t^n toward the northwest, abd back 
again to th^ northeasts. The parallelism of the coasts north 
of 10° soiiitfa latitude* Ihe projecting and receding angles, the 
convexity of B«a»l opposite to Ihe Gulf of Ginnea, that of 
Africa under the same parallel, with the Gulf oi the Antilles, 
all favor this apparently speculative view-l I& tMs Atlantic 
valleyi a^ is alnKWt eveiry where tiie case in the configuration 
of la]^ continental masses, coasts deeply ind^itedt and rich 
in islands* are situated c^poaite to those posoo s smg a difierent 
(^aj»eter; I long since drew attention to the geognostic im- 
portance of entering into a oompanson of the western coast of 
A&ica and ^' South America within th» tropics. The deejdy- 
carved indentation of the African continent at Fernando Po, 
4? 30' north latitude, is repeated on the coast of the Pacific 
at 18° 15' south latitude, betwe^ the Valley of Aiica and 
the Mono de Juan Diaz, where the Peruvian coast suddenly 
changes the direction from south to 9orth whush it had previ- 
ously foUowed, and inclines to the northwest. This change 

• Of Africa, Pliny ■ays (v. 1), " Nee alia pars tenvam pauciores re- 
cipit sinoB." The Bmall Indian peninsula on tfaia sid<» the Gaages pre- 
wsmUt in its triaaguLar outline, a third am^oeona form. In anoient 
Greece thwe pKeyailed an (pinion of the regular configoration of the 
5xj hMid. Th»re iwese four gal& or baya, among which the Persian 
Gulf was placed in opposition to the Hyreanian or Caspian Bea (Arrian, 
vii., 16 ; Flat., in vita Alexandria cap. 44i Dioiiys. Perieg., v. 48 and 
630, p. Ih 39* Bemb.)> These four bays and the isthmiues were, ac- 
cordixig to. the optioal fimcies of Agesianax, supposed to be reflected in 
the. moen (Pint., de Faokin Orbem Lunm^ p. 921, 19}» Respeeting the 
t9ihMik quadrifidar or fonc divisicMis of the dry land, of which two lay 
QOith and two south of the equator, see Macvobius, Comm, in Somnium 
Seijnonist n., 9. I have submitted this portion of the geography of the 
anoients, regarding which great confusion prevaib, to a new and care- 
ful examination, in my Exameth^ Crii. de VHitt, de la Qiogr.t t i., p. 
119, 145, 180«185, as also in Atie Cenir., t. ii., p. 172-178. 

t Fleurieu, in Vovage de Marchand autour du Monde, t. iv., p. 38-42. 

t Humboldt, in the Journal de Phynqne, liii., 1799, p. 33; and Reh 
Hist., t. ii.» p. 19; t. iii., p. 189, 198. 
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of dirodion extends in like manner to the chain of the Andeii, 
which is dirided into two parallel branches, affecting not only 
the littoral portioiis • hut even the eastern Cordilleras. In 
the latter, civilization had its earliest seat in the South Amer- 
ican plateaux, where the small Alpine lake of Titicaca bathes 
the feet of the colossal mountains of Sorata and lUimani. 
Further to the south, from Valdivia and ChiloS (40® to 42* 
south latitude), through the -Aipchipelago de Ids Chonos to 
Terra dd Fuego, we find repeated that singular configuration 
of fiords (a blending of narrow and deeply-indented bays), 
which in the Northern hemisphere characterizes the western 
shores of Norway and Scotland. 

These are the most general considerations suggested by the 
study of the upper surface of our planet with reference to the 
form of continents, and their expansion in a horizontal direc- 
tion. We have collected facts and brought forward some 
analogies of configuratiwi in distant parts of the earth, but we 
do not venture to regard them as fixed laws of ferm. When 
the traveler on the declivity of an active volcano, as, for in- 
stance, of Vesuvius, examines the frequent partial elevations 
by which portions of the soil are often permanently upheaved 
several feet above their former level, either immediately pre- 
ceding or during the ccmtinuance of an eruption, thus forming 
roof-like or flattened summits, he is tau]^t how accidental 
conditions in the expression of the force of subterranean va- 
pors, and in the resistance to be overcome, may modify the 
form and direction of the elevated portions. In this manner, 
feeble perturbations in the equilibrium of the internal elastic 
forces of our planet may have inclined them more to its north- 
em than to its southern direction, and caused the continent 
in the eastern part of the globe to present a broad mass, whose 
major axis is almost parallel with the equator, while in the 
western and more oceanic part the southern extremity is ex* 
tremely narrow. 

Very little can be empirically determined regarding the 
causal conneetion of the phenomena of the formation of con- 
tinents, or of the analogies and contrasts presented by their 

• Homboldt, in PoggendorPs Annalen der Phynh, bd. Xl., «. 17I» 
On the remarkable fiord formation at the southeast end of America, see 
Darwin's Jonmal (Narrative of the Voyages of the Adventure and Beet- 
rle, vol. iii.), 1839, p. 266. The parallelism of the two moantain chains 
IB maintained from 5^ south to 5^ north latitude. The change in the 
direction of the coast at Arica appears to be in conseqaence of the al- 
terisd course of the fissure, above which the Cordillera Of the Andes 
has been upheaved. 
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configuration. All that we know regarding this sabject re- 
BolveB itself into this one point, that the active cause is sub- 
terranean ; that continents did not arise at once in the form 
they now present, but were, as we hare already observed, in- 
creased by degrees by means of numerous oscillatory elevations 
and depressions of the soil, or were formed by the fusion of 
separate smaller continental masses. Their present form is, 
therefore, the result of two causes, which have ex^cised a con- 
secutive action the one on the other : the first is the expression 
of subterranean force, whose direction we term accidental, 
owing to our inabiUty to define it, from its removal from with- 
in the sphere of our comprehension, while the second is derived 
from forces acting on the surface, among which volcanic erup- 
tions, the elevation of mountains, and currents of sea water 
play the principal parts. How totally different would be the 
condition of the temperature of the earth, and, consequently, 
of the state of vegetation, husbandry, and human society, if 
the major axis of the New Continent had the same direction 
as that of the Old Continent ; i£ for instance, the Cordilleras, 
instead of having a southern direction, inclined from east to 
west ; if there had been no radiating tropical continent, like 
Africa, to the south of Europe ; and if the Mediterranean, 
which was once connected with the Caspian and Red Seas, 
and which has become so powerful a means of furthering the 
intercommunication of nations^ had never existed, or if it had 
been elevated like the plains of Lombardy and Cyrene ? 

The changes of the reciprocal relations of height between 
the fluid and solid portions of the earth's surface (changes 
which, at the same time, determine ^e outlines of continents, 
and the greater or lesser submersion of low lands) are to be 
ascribed to numerous unequally working causes. The most 
powerful have incontestably been the force of elastic vapors 
inclosed in the interior of the earth, the sudden change of tem- 
perature of certain dense strata,* the unequal secular loss of 

* De la Beche, Seeiiont and Views Ulusiratwe of Geological Phenome- 
na, 183Q> tab. 40; Charles Babbage, Observaiions on the Temple of 
Serapit at Pozzuolif near Naples, and on certain Causes lohich may 
produce Geological Cycles of great Extent, 1834. " If a stratum of sand- 
Btone five miles in thickness should have its temperature raised about 
10(P, its sur&ce would rise twenty-five feet. Heated beds of clay 
would, on the contrary, occasion a sinking of the ground by their con- 
traction." See Bischof, Wdrmelehre des Irmem unseres Erdkorpers, s. 
303, concerning the calculations for the secular elevation of Sweden, on 
the supposition of a rise by so small a quantity as 7^ in a stratoxn of 
about 155,000 feet in thickness, and heated to a state effusion. 
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heat experienced by the crust and nucleus of the earth, <xsca- 
sioning ridges in the solid surface, local modifications of gravi- 
tation,* and, as a consequence of these alterations, in the curv- 
ature of a portion of the liquid element. According to the 
views generally adopted by geognosists in the present day, and 
which are supported by the observation of a series of well- 
attested facts, no less than by analogy with the most import- 
ant volcanic phenomena, it would appear that the elevation 
of continents is actual, and not merely apparent or owing to 
the configuration' of the upper surface of the sea. The merit 
of having advanced this view bebngs to Leopold von Buch, 
who first made his opinions known to the scientific world in 
the narrative of his memorable Travels through Norway and 
Sweden in 1806 and 1807.t While the whole coast of 
Sweden and Finland, firom ISdlvitzborg, on the limits of North- 
em Scania, past Gefle to Tomea, and firom Tomea to Abo, 
experiences a gradual rise of four feet in a century, the south- 
em part of Sweden is, according to Neilson, undergoing a 
fiimtdtaneous depression.^ The maximum of this elevating 

* The opinion so implicitly entertained regarding the invariability of 
the force of gravity at any given point of me earth's surface, has ia 
some degree oeen controverted by the gradual rise of large portions of 
the earth's surface. See Bessel, Ueber Mcms und Oetneht, in Schu- 
macher's Jahrbuchf&r 1840, s. 134. 

t Th. ii. (1810),*s. 389. See Hallstrdm, in Kongl VetetukapM-Aea- 
dmniens Handlingar (&tockh.), 1823, p. 30; Lyell, in the Philos. Tratu, 
for 1835 ; Blom (Amtmann in Budskerud), Stai. Beschr. van Nonoegem, 
1843, s. 89-1 16. If not before Von Buch's travels through Scandinavia, 
at any rate before their publication, Flay fair, in 1802, in nis illustrations 
of the Huttonian'' theory, $ 393, and, according to Keilhau (Om Land- 
jordeiu Stigning in NorgBj in the Nyt Magazine f^r Naturvidenskoi' 
bemey^ and the Dane Jessen, even before the time of Play&ir, had ex- 
pressed the opinion that it was not the sea which was sinking, but the 
solid land of Sweden which was rising. Their ideas, however, wero 
wholly unknown to our great geologist, and exerted no inJQuence on 
the progress of physical geography. Jessen, in his work, Kongeriget 
Norge jremtHllet ^/ter dets naturlige og borgerlige TiUtandf Kjobenh., 
1763, sought to explain the causes of the changes in the relative levels 
of the la^ and sea, basing his views on the earl^ calculations of Celsius, 
Kalm, and Dalin. He broaches some confused ideas regarding the pos- 
sibili^ of an internal growth of rocks, but finally declares himself in 
feivor of an upheaval <rt the land by earthauakes, " although,'', he ob- 
serves, " no such rising was apparent immediately after the earthquake 
of Bgersund, yet the earthquake may have opened the way for other 
causes producing such an effisct." 

t See Berzelms, Jahr^ericht Ither die ForttehriUe der Phyntchen 
TViae., No. 18, s. 686. The islands of Saltholm, opposite to Copen- 
hagen, and BiOmholm, however, rise but very little — 6;iOmholm scarce- 
ly one foot in a century. See Forchhammer, in PkUo9, Magaximet 3d 
Series, vol. ii., p. 309. 
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Ibioe appears to Lf' in the north of Lapland, and to diminiflli 
gradually to the south toward Calmar and Solvitzhorg. Lin^es 
marking the anoient level of the sea in pre-historic times are 
indicated throughout the whole of Norway,* from Cape Lin- 
desnffis to the extremity of the North Cape, by banks of sheik 
identical with those of the present seas, and which have late- 
ly been most accurately examined by Bravais during his long 
winter sojourn at Bosekop. These banks lie nearly 650 feet 
above the piesent mean level of the sea, and reappear, accord- 
ing to Keilhau and Eugene Robert, in a north-northwest di- 
lection on the coasts of Spitsbergen, opposite the North Cape. 
Leopold von Buch, who was the Erst to draw attention to the 
high banks of shells at Tromsoe (latitude 69° 40'), has, haw- 
ever, shown that the more ancient elevations on the North 
Sea appertain to a different cl^ of phenomena, from the 
regular and gradual retrogressive elevations of the Swedish 
ahores in the Gulf of Bothnia. This latter phenomenon, which 
is well attested by historici^ evidence, must not be confound- 
ed with the changes in the level of the soil occa^oned by 
earthquakes, as on the shores of Chili and of Cutch^ and 
which have recently given occasion to similar observations in 
other countries. It has been found that a perceptiUe sinking 
resulting from a disturbance of the strata of the uppw surface 
sometimes occurs, corresponding with an elevation elsewhere, 
IU3, for instance, in West Greenland, according to Pingel and 
Graah, in Dalmatia and in Scania. 

Since it is highly probably that the oscillatory movements 
of the soil, and the rising and sinking of the upper surface, 
were more strongly marked in the early periods of our planet 
than at pres^it, we shall be less surprised to find in the inte- 
rior of continents some few portions of the earth's surface ly- 
ing bielow the general level of existing sea3. Instances of tins 
kind occur in the soda lakes described by General Andreossy, 
the small bitter lakes in the narrow Isthmus of Suez, the 
Caspian Sea, the Sea of Tiberias, and especially the Dead 
Sea.t The level of the water in the two last-named seas is 

* Kjoilhau, in Nyt M^tg.f&r Naturvid,, 133^, bd. i., p. 105-254; bd. 
ii., p. 57 ; Bravais, Sur le» Lignes d'ancien Niveau de la Mer, 1843, p. 
15-40* See, also, Darwin, '*oii the Parallel Boads of Gleu-Boy a^d 
Lochaber," in Philos. Trans, for 1839, p. 60. 

t Humboldt, Asie CetUrale, t. ii., p. 319-^24; t. iii., p. 549-551 
The depression of the Dead Sea has been successively determined by 
the barometrical measurements of Count Bertou, by the more careful 
ones of fiussegger, and by the trigonometrical survey of Lieutenant Sy- 
mond, of the Boyal Navy, who states that the difference of level he- 
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666 und 1312 feet below the level of the Mediterranean. If 
' we could suddenly remove the alluvial soil which covers the 
rocky strata in many parts of the earth's surface, we should 
discover how great a portion of the rocky crust of the earth 
was then hdow the present level of the sea. The periodic, 
although irregularly alternating rise and fall of the water of 
the Caspian Sea, of which I have myself observed evident 
traces in the northern portions of its basin, appears to prove,* 
as do also the observations of Darwin on the coral seas,t that 
without eartiiquakes, properly so called, the surface of the 
earth is capable of the same gentle and progressive oscilla- 
tions as those which must have prevailed so generally in the 
earliest ages, when the surface of the hardening crust of the 
earth was less compact than at present. 

The phenomena to which we would here direct atteatioH 
remind us of the instability of the present order of things, and 
of the changes to which the outlines and configuration of ocm* 
tinents are probably still subject at long intervals of time. 
That which may scarcely be perceptible in one generation, 
accumulates during periods of time, whosi duration is revealed 
to us by the movement of remote heavenly bodies. The east- 
em coast of the Scandinavian peninsula has probably risen 

tween the stttface of the Dead Sea and the highest houses of Jaffa is 
about 1605 feet. Mr. Alderaon, who communicated this result to the 
Geog[raphical Society of London in a letter, of the contents of which I 
was informed by my friend, Captain Washington, was of opinion (Nov. 
28, 1841) that the Dead Sea lay about 1400 feet under the level of the 
Mediterranean. A more recent communication of Lieutenant Symond 
(Jameson's EdinimrgA New Pkihsophieal Jtmmal, vol. xxxiv., 1843, p. 
178) gives 131-3 feet as the final result of two very accordant trigono» 
metrical operations. 

* Sur la MohiliU du fond de la M^r Catpimne, in my Aae Cenir.^ t. 
ii., p. 283^94. The Imperial Academy of Sciences of St. Petersburgh, 
in 1830, at my request, charged the learned physicist Lenz to place 
marks indicating llie mean level of the sea, for definite epochs, in dif- 
ferent places near Baku, in the peninsnla of Abscheron. In the s^mp 
manner, in an appendix to the instructions given to Captain (now Sir 
James G.) Hoss for his Antarctic expedition, I ursed the necessity of 
causing marks to be cut in the rooks of the southern hemisphere, as 
had already been done in Swed^i and on the shores of the Caspian 
Sea. Had this measure been adopted in the early voyages of Bougain- 
ville and Cook, we should now know whether the secular relative 
changes in the level of the seas and land are to be considered as a gen- 
eral, or mer^y a local natural phenomenon, and whether a law of di 
rection can be recognized in the points which have nmvltaneoas ele- 
vation or depression. 

t On the elevation and depression of the bottom of the South Sony 
and the different areas of alternate movements, see Darwin's JounuU, 
p. 557, 561-566. 

N2 
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about 320 feet in the space of 8000 years ; and iii 12,000 
years, if the movement be regular, parts of the bottom of the 
sea which he nearest the shores, and are in the present day- 
covered by nearly fifty fathoms of water, will come to the 
surface and constitute dry land. But what are such intervals 
of time compared to the length of the geognostic periods re- 
vealed to us in the stratified series of formations, and in the 
world of extinct and varying oi^anisms I We have hitherto 
only considered the phenomena of elevation ; but the analo- 
gies of observed facts lead us with equal justice to assume the 
possibility of the depression of whole tracts of land. The 
mean elevation of the non-mountainous parts of France 
amounts to less than 480 feet. It would not, therefore, re- 
quire any long period of time, compared with the old geog- 
nostic periods, in which such great changes were brought 
about in the interior of the earth, to efiect the permanent 
submersion of the northwestern part of Europe, and induce 
essential alterations in its littoral relations. 

The depression and elevation of the soUd or fluid parts of 
the earth — ^phenomftna which are so opposite in their action 
that the efiect of elevation in one part is to produce an appar- 
ent depression in another — are the causes of all the changes 
which occur in the configuration of continents. In a work of 
this general character, and in an impartial exposition of the 
phenomena of nature, we must not overlook the possibility 
of a diminution of the quantity of water, and a constant de- 
pression of the level of seas. There can scarcely be a doubt 
that, at the period when the temperature of the surface of the 
earth was higher, when the waters were inclosed in larger 
and deeper fissures, and when the atmosphere possessed a to- 
tally difiereni character from what it does at present, great 
changes must have occurred in the level of seas, depending 
upon the increase and decrease of the hquid parts of the 
earth's surface. But in the actual condition of our planet, 
there is no direct evidence of a real continuous increase or de- 
crease of the sea, and we have no proof of any gradual change 
in its level at certain definite points of observation, as indi- 
cated by the mean range of the barometer. According to ex- 
periment made by Daussy and Antonio Nobile, an increase 
in the height of the barometer would in itself be attended by 
a depresaon in the level of the sea. But as the mean press- 
ure of the atmosphere at the level of the sea is not the same 
at all latitudes, owing to meteorological causes depending upon 
the direction of the wind and varying degrees of moisture, the 
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barometer alone can not afl^rd a certain evidence of the gen- 
eral change of level in the ocean. The remarkable fact that 
some of the ports in the Mediterranean were repeatedly left 
dry during several hoars at the beginning of this century, ap- 
pears to show that currents may, by changes occurring in 
their direction and force, occasion a local retreat of the sea, 
and a permanent drying of a small portipn of the shore, with- 
out being followed by any actual diminution of water, or any 
p^manent depression of the ocean. We must, however, be 
very cautious in appljring the knowledge which we have late- 
ly arrived at, regarding these involved phenomena, since we 
might otherwise be led to ascribe to water, as the elder ele- 
ment, what ought to be referred to the two other elements, 
earth and air. 

As the external configturation of continents, which we have 
already described in their horizontal expansion, exercises, by 
their variously-indented littoral outlines, a favorable influence 
on climate, trade, and the progress of civilization, so likewise 
does their internal articulation, or the vertical elevation of 
the soil (chains of mountains and elevated plateaux), give rise 
to equally important results. Whatever produces a poly- 
morphic diversity of forms on the surface of our planetary 
habitation — such as mountains, lakes, grassy savannas, or 
even deserts encircled by a band of forests — ^impresses some 
peculiar character on the social condition of the inhabitants. 
Ridges of high land covered by snow impede intercourse ; but 
a blending of low, discontinued mountain chains* and tracts 
of valleys, as we see so happily presented in the west and 
south of Europe, tends to the multiplication of meteorological 
processes and the products of vegetation, and, from the variety 
manifested in dii^rent kinds of cultivation in each district, 
even nnder the same degree of latitude, gives rise to wants 
that stimulate the activity of the inhabitants. Thus the aw- 
ful revolutions, during which, by the action of the interior on 
the crust of the earth, great mountain chains have been ele- 
vated by the sudden upheaval of a portion of the oxydized 
exterior of our planet, have served, after, the establishment 
of repose, and on the revival of organic life, to furnish a rich- 
er and more beautiful variety of individual forms, and in a 
great measure to remove from the earth that aspect of dreary 

• Humboldt, Rel. Hift., t. iii.VpJ 232-284. See, also, the able re- 
marks on the configoration of the earth, and the position oC its Ikes 
of elei^ation, in Albrechts v6n Roon, Grundzi^gen der Erd Volker nnd 
Slaaienkunde, Abth. i, 1837, s. 158, 270, 276. 
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oiiifoxpiity which exerciees so impoverishuif «n inftneiiee im 
the physical and intellectual powers of mankind. 

According to the grand views of Elie de Beaumont, we 
must ascribe a relative age to each system of mountain chains* 
on the supposition that their elevation must necessarily have 
occurred between the period of the deposition of the vertical- 
ly elevated strata and that of the horizontally inclined strata 
running at the base of the mountains. The ridges oi the 
Earth's crust— elevations of strata which are of the same ge* 
Qgnostic age — appear, moreover, to follow one common direo^ 
tion. The line of strike of the horizontal strata is not always 
parallel with the axis of the chain, but intersects it, so thi^, 
according to my views,t the phenomenon of elevation of the 
strata, which is even found to be repeated in the neighbexiag 
l^ains, must be more ancient than the elevati<m of the chain. 
The main direction of the whole continent of Europe (£rom 
southwest to northeast) is opposite to that of the great fii^urea 
which pass from northwest to southeasti from the mouths of 
the Rhine and Elbe, through the Adriatic and Red Seaa, and 
through the mountain system of Putschi-Koh in Luristan, to- 
ward the Persian Gulf and the Indian Ocean. This almost 
rectangular intersection of geodesic lines exercises an import- 
ant influence on the commercial relations of Europe, Asia» 
and the northwest of A&ica, and on the progress of civilization 
on the formerly more flourishing shores of ^e Mediterranean^ 

Since grand and lofty mountain chains so strongly excite 
our imagination by the evidence they a^rd of great terres- 
trial revolutions, and when considered as the boundades of 
climates, as lines of separation for waters, or as the site of a 
diflerent form of vegetation, it is the more necessary to de- 
monstrate, by a correct numerical estimation of their volume, 
how small is the quantity of their elevated mass when com- 
pared with the area of the adjacent continents. The mass 
of the Pyrenees, for instance, the mean elevation of whose 
summits, and the areal quantity of whose base have been as- 
certained by accurate meafiurements, would, if scattered over 

* Leop. von'Bacfa, Veberdie Oeogno9tiscken8y»teme von Deutschland, 
in his Oeogn. Brief en an Alexander von Humboldt j 1824, 8. 265-271; 
Klie de Beaumont, Reckti^ket sur le$ Rivolutione de la Surface d» Globe, 
1829, p. 297-307. 

+ Humboldt, Asie Centrales t. i., p. 277-283. See, also, my Eesai 
eur le Oieemeni dee JRoche$t 1>822, p. 57, and Relat. Hiet., t iu., p. 
244-250. 

t Ame Ceniraie, t. i., p. 284, 286. The Adriatic Sea likewiM foUows 
a direction froip S.E. to N.W* 
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itie AOrface of Franee, only raise its mean level about 115 
feet. The mass of the eastern and western Alps -would in 
like maimer only increase the height of Europe about 21^ 
feet above its present level. I have found by a laborious in? 
vestigation,* which, from its nature, can only give a maximum 
limit, that the center of gra^nty of the volume of the land 
raised above the present level of the sea in Europe and North 
America is respectively situated at an elevation of 671 and 
748 feet, while it is at 1132 and 1152 feet in Asia and South 
America. These numbers show the low level of northern 
regions. In Asia the vast steppes of Siberia are compensated 
for by the great elevations of the land (between the Himalaya, 
the North Thibetian chain of Kuen-lun, and the Celestial 
Mountains), from 28© 30' to 40<> north latitude. We may, 
to a certain extent, trace in these numbers the portions of the 
Earth in which the Plutonic forces were most intensely mani* 
fested in the interior by the upheaval of continental masses. 

There are no reasons why these Plutonic forces may not, 
in future ages, add new mountain systems to those which Elie 
de Beaumont haet shown to be of such di&rent ages, and in- 
clined in such di^rent directions. Why should the crust of 
the Earth have lost its property of being elevated in ridges ? 
The recently-devated mountain systems of the Alps and the 
Cordilleras exhibit in Mcmt Blanc and Monte Eosa, in Sorata, 
IlHmani, and Chimborazo, colossal elevations which do tiot 
favor the assumption of a decrease in the intensity of the sub- 
terranean forces. All geognostic phenom^ia indicate the 
periodic alternation of activity and repose ;t but the quiet 
we now enj(^ is only apparent. The tremblings which still 
agitate the surface under all latitudes, and in every species of 
rock, the elevation of Sweden, the appearance of new islands 
of eruption, are all conclusive as to the unquiet condition of 
our planet. 

* D« la hauteur Moymne de* CotUinentt, m my A$U CeTOrdU, t. i., p. 
82-90, 165-189. The results which I have obtained are to be regard- 
ed as the extreme value {nimbre9'lmite»). Laplace's estimate of the 
mean height of continents at 3280 feet is at least three times too hi^h. 
The imiKtortel suthpr of i^xe M^eamque Celeste (t. v., p. 14) was led to 
this concloaion by hypothetical views as to the mean depth of the sea. 
I have shown {Ane Cenir.f t. i., p. 93) that the old Alexandrian math- 
ematicians, on the testimony of Plutarch (in JBmilio Pauloy cap. 15), 
believed this depth to depend on the height of the mountains. The 
height of the center of gravity of the volume of fbe continental masses 
is probably subject to slight variations in the course of many centuries. 

t Zweiter Oeologiteher Brief von Elie de Beaumont an Alexander von 
. Hwmholdtf in Pbggendorf^s Annaien^ bd. xzy., s. 1-58. 
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The two envelopes of the solid surface of our f^anet — ^the 
liquid and the aeriform — exhibit, owing to the mobility of 
their particles, their currents, and their atmospheric relations, 
many analogies combined with the contrasts which arise from 
the great diBerence in the condition of their aggregation and 
elasticity. The depths of ocean and of air are alike unknown 
to us. At some few jdaces under the tropics no bottom has 
been found with soundings of 276,000 feet (or more than fimr 
miles), .while in the air, if, according to Wollaston, we may 
assume that it has a limit from which waves of sound may 
be reverberated, the phenomenon of twilight would incline 
us to assume a height at least nine times as great.* The 
aerial ocean rests partly on the solid earth, whose mountain 
chains and elevated plateaux rise, as we have already seen, 
like green wooded shoals, and partly on the sea, whose surface 
forms a moving base, on which rest the lower, denser, and 
more saturated strata of air. 

Proceeding upward and downward from the common limit of 
the aerial and liquid oceans, we find that the strata of air 
and water are subject to determinate laws of decrease of tem- 
perature. This decrease is much less rapid in the air than 
in the sea, which has a tendency under aU latitudes to main- 
tain its temperature in the strata of water most contiguous to 
the atmosphere, owing to the sinking of the heavier and more 
cooled particles. A large series of the most carefully con- 
ducted observations on temperature shows us that in the or- 
dinary and mean condition of its surface, the ocean from the 
equator to the forty^eighth degree of north and south latitude 
is somewhat wanner than the adjacent strata* of air.t Owing 
to this decrease of temperature at increasing depths, fishes and 
other inhabitants of the sea, the nature of whose digestive and 
ies|Hratory organs fits them for living in deep water, may even, 
under the tropics, find the low degree of temperature and the 
coolness of climate characteristic of more temperate and more 
northern latitudes. This circumstance, which is analogous 
to the prevalence of a mild and even cold air on the elevated 
plains of the torrid zone, exercises a special influence on the 
migration and geographical distribution of many marine ani- 
mals. Moreover, the depths at which fishes live, modify, by 
the increase of pressure, their cutaneous respiration, and the 

* [See Wilson's Paper, On WoUtuUm^t Argumei^from theLimiiaiion 
of the Atmosphere tu to the finite Divisibility of Matter, — Trane. ofth€ 
Royal Society of Edirib.f vol. xvi., p. 1, 1845. ]—2V. 

t Hamboldt, Rdation Hist., t, iii., chap, xxix,, p. 514-530. 
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oxygenous and nitrogenous contents of their swimming blad- 
ders. 

As fresh and salt water do not attain the maximum of 
their density at the same degree of temperature, and as the 
saltness of the sea lowers the thermometrical degree corre- 
sponding to this point, we can understand how the water 
drawn from great depths of the sea during the voyages of 
Kotzebue and Dupetit-Thouars could have been found to have 
only the temperature of 37° and SG'^-S. This icy temperature 
of sea water, which is likewise manifested at the depths of 
tropical seas, first led to a study of the lower polar currents, 
which move from both poles toward the equator. Without 
these submarine currents, the tropical seas at those depths 
could only have a temperature equal to the local maximum 
of cold possessed by the falling particles of water at the radi- 
ating and cooled surface of the tropical sea. In the Mediter- 
ranean, the cause of the absence of such a refrigeration of the 
lower strata is ingeniously explained by Arago, on the as- 
sumption that the entrance of the deeper polar currents into 
the Straits of Gibraltar, where the water at the surface flows 
in from the Atlantic Ocean from west to east, is hindered by 
the submarine counter-currents which move from east to 
-west, from the Mediterranean into the Atlantic. 

The ocean, which acts as a general equalizer and moder- 
ator of climates, exhibits a most remarkable uniformity and 
constancy of temperature, especially between 10° north and 
10° south latitude,* over ^aces of many thousands of square 
miles, at a distance from land where it is not penetrateid by 
currents of cold and heated water. It has, therefore, been 
justly observed, that an exact and long-continued investiga- 
tion of these thermic relations of the tropical seas might most 
easily afibrd a solution to the great and much-contested prob- 
lem of the permanence of climates and terrestrial tempera- 
tures.t Great changes in the luminous disk of the sun would, 

* See the series of observations made by me in the South Sea, from 
QO 5' to 130 16' N. lat., in iny A^ie CmtraU, t. iii., p. 234. 

t " We might (by means of the temperature of tne ocean under the 
tropics) enter into the consideration of a question which has hitherto 
remained unanswered, namely, that of the constancy of terrestrial tern 
peratnres, without te^ng into account the very circumscribed local 
influences arising from the diminution of wood in the plains and on 
mountains, and me drying up of lakes and marshes. Each age might 
easily transmit to the succeeaiag one some few data, which would per> 
haps furnish the most simple, exact, and direct means of deciding wheth- 
er the sun, which is almost the sole and exclanve sonrce of the heat of 
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if they w«n of long duration, be reflected ^th more certainty 
in the mean temperature of the sea than in that of the solid 
land. 

The zones, at which occur the maxima of the oceanic tem- 
perature and of the density (the saline contents) of its waters, 
do not correspond with the equator. The two maxima are 
separated from one another, and the waters of the highest tem- 
perature appear to form two nearly parallel lines north and 
south of the geographical equator. Lenz, in his voyage <^ 
circumnavigation, found in the Pacific the maxima of denaty 
in 22° north and 17^ south latitude, while its minimum was 
situated a few degrees to the south of the equator. In the 
region of ealms the solar heat can exercise but little influence 
on evaporation, because the stratum of air impregnated with 
saline aqueous vapor, which rests on the surfaee of the sea, 
remains still and unchanged. 

The surface of all connected seas must be considered aa 
having a general perfectly equal level with respect to their 
mean elevation. Local causes (probably prevailing winds and 
currents) may, however, produce permanent, although trifling 
changes in the level of some deeply-indented bays, as, for in- 
stance, the Red Sea. The highest level of the water at the 
Isthmus of Suez is at diflerent hours of the day from 24 to 
30 feet above that of the Mediterranean, The form of the 
Straits of Bab-el-Mandeb, through which the waters appear 
to find an easier ingress than egress, seems to contribute to 
this remarkable phenomenon, which was known to the an- 
cients.* The admirable geodetic operations of Corabceuf and 
Delcrois show that no perceptible diflerence of level exists be- 
tween the upper surfaces of the Atlantic and the Mediterra- 
nean, along the chain of the Pyrenees, or between the coasts 
of northern Holland and MarseiUes.t 

our planet, changes its physical constitution and splendor, like the great* 
er number of the stars, or whether, on the contrary, that luminary has 
attained to a permanent condition.'' — Arago, in the Comptes Rendnt 
des Stances de VAcad. des Sdenceift, zi., Fart ii., p. 309. 

* Humboldt, Asie Centrale, t ii., p. 32X, 327. 

t See the numerical results in p. 328-333 of the Yolume just named. 
From the geodesical levelings which, at my request, my friend Greoeral 
Bolivar caused to be taken by Lloyd and Palmare, in the years 1828 
and 1829, it was ascertained that the level of the Pacific is at the ut- 
most 3i feet higher than that of the Caribbean Sea; and even that at 
different hours of the day each of the seas is in turn the higher, accord- 
ing to their respective hours of flood asad ebb. If we reflect that in a 
distance of 64 miles, comprising 933 stations of observation, an error of 
three feet would be yery apt to occur, we may say that ia these new 
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DiitiixfawaQes ^equOilMriam tnd oonsefaent jstovemeat^ cf 
the wat<Qgrs are partly irxi^galar and transitory, dependent upon 
winds, and psoducing waves which sometimes, at a distance 
from the shore and during a storm, rise to a height of more 
than 35 £^t ; partly regular and periodic, occasbned by the 
position and attraction of ike sun and moon, as the ebb and 
flow of the tides ; and partly permanent, although less in- 
toiae, oceurring as oceanic currents. The phenomena of 
tides, whi<^ prevail m all seas (with the exception of the 
smaller ones that are oompletely closed in, and where the ebb- 
ing and flowing waves are scarcely or not at all perceptible), 
have been perfectly explained by the Newtonian doctrine, 
and thus brought " within t&e domain of necessary facts." 
Each of these penedioally-iecurxixig oscillations of the waters 
of the sea has a duration of some^at more thsA half a day. 
Althoo^ in the open sea they scarcely attain an elevation of 
a &w feet, they often rise considerably higher wheve the waves 
are opposed by the conflguration of the shores, as, for instance, 
at St. Malo and in Nova Scolia, where they reach the re- 
speetive elevatirais of 50 feet, and of 65 to 70 ^t. " It has 
been shown by the analysis of the great geometrician La- 
place, that, supposing the depth to be whoUy inconedderable 
when compared with the xadms of the earth, the stability of 
the equilibrium pf the sea requires that the density of its fluid 
Ab>uldbe less than that of the earth; and, as we have already 
seen, the earth's density is in fact Ave times greater than 
that of wat»« The elevated parts ei the land can not there- 
^re be ovexflowed, nor can the remains of marine animals 
found on the summits of mountains have been conveyed to 
those localities by any previous high tides."* It is no slight 

operations we have farther coDfirmation of the equilibrittm of the wa^ 
IBIB whieh commonicate round Oape Horn. (Arago, in liiQ Annuaire 
du Bureau des Longitudes pour 1831, p. 319.) I had inferred, from 
l>«rometrical obaervations institated in 17^9 and 1804, that if there were 
»ay difference between the level of the Pacific and the Atlantic {Oa- 
nbbean Sea), it cpnld not exceed three meters (nine feet three inchep). 
Bee my M^lat, Hist, t. iii., p. 555^557, and Annalee de Chimie, t. i., 
p. ^5-64. Tha measvrements, which a{»pear to establish an excess of 
height for the watecf of the Gulf of Mexico, and for those of the north- 
ern part of the Adriatic Sea, obtained by combining the trigonometrical 
operations of P^erois and Ohoppia with those oi the Swiss and Aus- 
trian enflyoaers, are open to itianv doubts. Notwithstanding the form 
of the Adriatic, it is improbable that the leyel of its waters in its north- 
em portion should be is feet higher than that of the Mediterranean at 
Marseilles, and 25 feet higher than the level of the Atlantic Cksean. 
See my Am Centrale, t. u., p. 332. 
* Bessel, Ueber Fiuth und EbbeM Schumacher's Ja4r^cA, 1838, s. 225 
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evidenee of the importance of analysis, which is too often re- 
garded with contempt among the miacientific, that Laplace's 
perfect theory of tides has enabled us, in our astronomical 
ephemerides, to predict the height of spring-tides at the peri- 
ods of new and fall moon, and thus put the inhabitants of the 
sea-shore on their guard against the increased danger attend- 
ing these lunar revolutions. 

Oceanic currents, which exercise so impcnrtant an influence 
on the inteioourse of nations and on the climatic relations of 
adjacent coasts, depend conjointly upon various caiises, difier- 
ing alike in nature and importance. Among these we may 
reckon the periods at which tides occur in their progress round 
the earth ; the duration and intensity of prevailing winds ; 
the modifications of density and specific gravity which the par- 
ticles of water undergo in consequence of difierences in the 
temperature and in the relative quantity of saline contents at 
difiereht latitudes and depths ;* and, lastly, the horary varia- 
tions of the atmospheric pressure, successively propagated firom 
east to west, and occurring with such regularity in the trop- 
ics. These currents present a remarkable spectacle ; like riv- 
ers of uniform breadth, they cross the sea in different direc- 
tions, while the adjacent strata of water, which remain un- 
disturbed, form, as it were, the banks of these moving streams. 
This difierence between the moving waters ^nd those at rest 
is most strikingly manifested where long lines of sea-weed, 
borne onward by the current, enable us to estimate its veloc- 
ity. In the lower strata of the atmosphere, we may some- 
times, during a storm, observe similar phenomena in the lim- 
ited aerial current, which is indicated by a narrow line of 
trees, which are often found to be overthrown in the midst of 
a dense wood. 

The general movement of the sea from east to west be- 

* The relative density of tbe particles of water dependa nrntdtane- 
otisly on the temperature and on the amount of the saline contents— a 
circumstance that is not sufficiently borne in mind in considering the 
cause of currents. The submarine current, which brings the cola po- 
lar water to the equatorial regions, would follow an exactly opposite 
course, that is to say, from the equator toward the poles, if the dififor- 
ence in saline contents were alone concerned. In tnis view, the geo* 
graphical distribution of temperature and of density in the water of 
the ocean, under the different zones of latitude and longitude, is of 
great importance. The numerous observations of Lenz (roggendorTs 
Anfuxlen, bd. xz., 1830, s. 129), and those of Oaptain Beeche>[, collect- 
ed in his Voyage to the aeijicf vol. ii., p. 727, deserve particular at- 
tention. See Humboldt, Relate HUt.^ t. i., p. 74, and Aeie CeiUrale, 
t. iii., p. 356. 
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tween the tropics (termed tlie equatorial or rotation current) 
is considered to be owing to the propagation of tides and to 
the trade winds. Its direction is changed by the resistance 
it experiences from the prominent eastern shores of continents. 
The results recently obtained by Daussy regarding the veloc- 
ity of this current, estimated from observations made on the 
distances traversed by bottles that had purposely been thrown 
into the sea, agree within one eighteenth with the velocity of 
motion (10 French nautical miles, 952 toises each, in 24 hours) 
which I had found from a comparison with earlier experi- 
ments."^ Christopher Columbus, during his third voyage, 
when he was seeking to enter the tropics in the meridian of 
Tenerii^, wrote in his journal as follows :t ^' I regard it as 

S roved that the waters of the sea move from east to west, as 
o the heavens {Ids agtias van con los cidos)y that is to say, 
like the apparent motion of the sun, moon, and stars." 

The narrow currents, or true oceanic rivers which traverse 
the sea, bring warm water into higher and cold water into 
lower latitudes. To the first class belongs the celebrated 
Gulf Stream,^ which was known to Anghiera,§ and more 
especially to Sir Humphrey Gilbert in the sixteenth century. 
Its first impulse and origin is to be sought to the south of 
the Cape of G<x>d Hope ; after a long circuit it pours itself 
from the Caribbean Sea and the Mexican Gulf through the 
Straits of the Bahamas, and, following a course from south* 
southwest to north-northeast, continues to recede from the 
shores of the United States, until, farther deflected to the 
eastward by the Banks of Newfoundland, it approaches the 
European coasts, frequ^itly throwing a quantity of tropical 
seeds {Mimosa scandens, OuUandina bondtic, Ddichos urens) 
on the shores of Ireland, the Hebrides, and Norway. The 
northeastern prolongation tends to mitigate the cold of the 
ocean, and to ameliorate the climate cm the most northern ex- 
tremity of Scandinavia. At the point where the Gulf Stream 

* Humboldt, ReHat, Hitt., t. i., p. 64; NonveUet Annalet des Voyage* t 
1839, p. 255. 

t Humboldt, Examen Crit. de PHUt. de la OSogr., U iii., p. 100. 
Columbus adds shortly after (Navarrete, Coleccion de los Viages y De- 
scubrimienios de los EspanoleSj t. i., p. 260), that the movement is 
strongest in the Caribbean Sea. In fact, Rennell terms this region, 
" not a cnrrMit, but a sea in motion" {Investigation of Currents t p. 23). 

X Humboldt, Examen Critique, t. ii., p. 250; Relat. Hist., t. i., p. 
66-74. 

$ Petras Martyr de Anghiera, De Rebus Oceanicis et Orbe Novo, 
Bas., 1533, Dec. m,,'lib. Ti., p. 57. See Humboldt, Examen Critique, 
t. ii, p. 234-257, and t. iii., p. 108. ^ 
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it deflected frMU tile B«id»«f Newfmindland toward tbe eut, 
it lends off bnnchei to the south near the Azores.* This is 
the situation of the Sargasso Sea, or that great bank of weeds 
which so Tiyidly occupied the imagination of Christopher Co- 
lumbus, and which Oviedo calls the sea-weed meadows {Pre^ 
derias de yerva), A host of small marine animals inhabits 
these gently-moved and evergreen masses of Fucus natans, 
one of the most generally dxstributed of the social plants of 
the sea. 

The counterpart of this current (which in the Atlantic 
Ocean, between Africa, Ameiica, and Europe, belongs almost 
exclusivaly to the nor^m hemiiqpheie) is to be found in the 
South Pacific, where a currait prevails, the effect of whose low 
tempevature on the climate of the adjacent shores I had an 
opportunity of observing in the autumn of 1802. It brings 
the cold waters of the high southern latitudes to the coast of 
Chili,'followB the shores of this oontinent and of Peru, first from 
south to north, and is then deflected from the Bay of Arica on- 
ward from southHMwtheast to north^northwest. At certain 
seasons of the year the temperature of this cold oceanic cur- 
reat is, in the tropics, only 60O> while the undisturbed adjaoMit 
water exhibits a tempejrature of 61<5'5 and 830-7. On that 
{Mirt of the shore of South America south of Payta, which in- 
clines iiirthest westward, the current is suddenly deflected in 
the same direction from the shore, turning so sharply to the 
west that a ship sailing northward passes suddenly firom cold 
into warm water. 

It is not known to what depth cold and warm oceanic oar- 
lents propagate their motion ; but the deflaotiim experienced 
by the South African current, from the Lagullas Bank, which 
is fully from 70 to 80 fathoms deep, would seem to imj^y the 
existence of a far-extending propagation. Sand banks and 
shoals lying beyond the line of these currents may, as was first 
discovered by the admirable Benjamin Franklin, be recognized 
by the coldness of the water over them. This depression of 
the temperature appears to me to depend upon the ^t that, 
by the propagation of the motion of the sea, deep waters rise 
to the margin of the banks and mix with the upper strata. 
My lamented firiend, Sir Humphrey Davy, ascribed this phe- 
nomenon (the knowledge of which is of^n of great practical 
utility in securing the safety of the navigator) to the descent 
of the particles of water that had been cooled by nocturnal ra- 

* HamboUt, £xamen Crit,, t. iii., p. 64-109. 
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dUtioa, and wbioh reznaia nearer to the sur&oe* owing to the 
hinderaoee placed in the way of their greater deseent hy the* 
iaterventioa. of sand^'baoka. By his obBervations Franklin may 
be said to have eonverted the thermometer into a sounding 
line. Mists are fre(]^ently found to rest otcut these de|kths» ow- 
ing to the condensation of the vapor of the atmo8pher:e by the 
cooled waters. I have seen such mists in the south of Jamai- 
ca, and also in the Pacific, defining with sharpness and clear- 
ness the form of the shoals below th^n, appearing tc^ the eye 
as the aerial refiectien of the bottom of the sea. A still more 
striking efiect of the cooling produced by shoals is manifested 
in the higher strata ^ aiar^ in a somewhat analogous manner 
to that observed in the caae of £at coral reefs, or sand islands. 
In the opea sea, £sur from the land, and when the air is calm,, 
douds are oil^a observed to rest over the spots where shoals 
are situated, and their beadng may then be taken by the oom- 
pass in the same maaner as that of a high mountain or isola- 
ted peak. 

Although the surface of the ocean is less rich in living forms 
than that (^ continents^ it is not improbable that, on a further 
investigation of its depUis, its interior may be found to possess 
a greater dchness of organic life than any other portion of our 
planet. Charles Darwin» in the agreeable narrative of his ex«- 
tensive voyages, justly remarks that our forests di^net conceal 
so many animals as ^e low woody regions of the ocean, where 
the sea-weed, root^ to the bottom of the shoals, and the sev* 
ered branches of fuei, loosened by the feroe of the waves and 
currents, and swimming^firee, unfold their deHeate feliage, upr 
borne by air-ceU&* The applieati<;Hi of the microscope increa«h' 
es, in the most striking manner, our impression of the ^eh hixh 
uriance c^ animal life in the ocean, and. reveals to the aston- 
ished seises a ooBSciousness of the universality of life. In the 
oceanic depths, far exceeding the height of our loftiesit mount- 
ain chains, every stratum, of water i» ammated with polygasr 
trio sea^woims, CycUdiss« and C^hrydin». The W£^rs swarm 
with^ countless hosts of small luminiferous animalcules, Mamr 
itmna(of the ord» of Acalephn), Grustaoea, Feridinea) andxsir- 
cling Nereides, whichi when attracted to the surface by peculiar 
meteorological conditions, convert, every wave into a foaming 
band of flashing light. 

* [See Structure and Di9trihuti(m of Coral RerfM^hy Ofaarles ]>arwia« 
London, 184^. AIbo, Namdu/e of l&e Surveying Voyage of H*M.S* 
** Fly," in tke EastsmArehipelaffo, durmg- the Yeare 1842^1846, by J. 
B. Jake», Naturalist to the expedition, 1847.]— Tr. 
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The abundance of these marine animalcules, and the animal 
matter yielded by their rapid decomposition, are so vast that 
the sea water itself becomes a nutrient fluid to many of the 
larger animals. Howerer much this richness in animated 
forms, and this multitude of the most various and highly-de- 
Teloped microscopic organisms may agreeably excite the fancy, 
the imagination is even more seriously, and, I might say, more 
solemnly moved by the impression of boundlessness and im-' 
measurability, which are presented to the mind by every sea 
voyage. All who possess an ordinary degree of mental activi- 
ty, and delight to create to themselves an inner world of 
thought, must be penetrated with the sublime image of the 
infinite when ga2dng around them on the vast and boundless 
sea, when involuntarily the glance is attracted to the distant 
horizon, where air and water blend together, and the stars con- 
tinually rise and set be£>re the eyes of the mariner. This con- 
templation of the eternal play of the elements is clouded, like 
every human joy, by a touch of sadness and of longing. 

A peeuhar predilection ibr the sea, and a grateSil remem- 
brance of the impression which it has excited in my mind, when 
I have seen it in the tropics in the calm of nocturnal rest, or 
in the fury of the tempest, have alone induced me to speak of 
the individual enjoyment afibrded by its aspect before I en- 
tered upon the con^deration of the favorable influence which 
the proximity of the ocean has incontrovertibly exercised on 
the cultivation of the intellect and character of many nations, 
by the multiplication of those bands which ought to encircle 
the whole of humanity, by aflbrding additional means of arriv- 
ing at a knowledge of the configuration of the earth, and fur- 
thering the advancement of astronomy, and of all other math- 
ematical and physical sciences. A portion of this influence 
was at first limit^ to the Mediterranean and the shores of 
southwestern Afirica, but from the sixteenth century it has 
widely spread, extending to nations who live at a distance 
firom the sea, in the interior of continents. Since Columbus 
^as sent to " unchain the ocean"* (as the unknown voice 
whispered to him in a dream when he lay on a sick-bed near 

^ * The voice addressed him in these words, " Maravillosamente Dies 
hizo sonar ta nombre en la tierra ; de los atamientos de la mar Oceana, 
qae estaban cerrados eon cadenas tan fnertes, te di6 las Haves'' — ** God 
will cause thy name to be wonderfully resounded through the earth, 
and give thee the keys of the gates of the ocean, which are closed with 
strong chains.'' The dream of Oolumbus is related in the letter to the 
Oatfaob'o monarohs of July the 7tfa, 1503. (Humboldt, Examen Critique, 
t. m., p. 234.) 
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the River Belem), man has ever boldly ventored onward to- 
ward the discovery of unknown regions. 

The second external and general covering of our planet, the 
aerial oeean, in the lower strata, and on the shoals of which 
we live, presents six classes of natural phenomena, which man- 
ifest the most intimate connection with one another. They 
are dependent on the chemical composition of the atmosphere, 
the variations in its transparency, polarization, and co1<m', its 
density or pressure, its temperature and humidity, and its elec- 
tricity. The air contains in oxygen the first element of phys-. 
ieal animal hfe, and, besides this benefit, it possesses another, 
which may be said to be of a nearly equally high character, 
namely, that of conveying sound ; a faculty by which it like- 
wise becomes the conveyer of speech and the means of com- 
municating thought, and, consequently, of maintaining social 
intercourse. If the Earth were deprived of an atmosphere, as 
we suppose our moon to be, it would present itself to our im- 
agination as a soundless desert. 

The relative quantities of the substances composing the 
strata of air accessible to us have, since the beginning of the 
nineteenth century, become the object of investigations, in 
which Gay-Lussac and myself have taken an active part ; it 
is, however, only very recently that the admirable labors of 
Dumas and Boussingault have, by new and more accurate 
methods, brought the chemical analysis of the atmosphere to 
a high degree of perfection. According to this analysis, a 
volume of dry air contains 20*8 of oxygen and 79*2 of nitro- 
gen, besides from two to five* thousandth parts of carbonic 
acid gas, a still smaller quantity of carbureted hydrog^i gas,* 
and, according to the important experiments of Saussure and 
Liebig, traces of ammoniacal vapors,! from which plants de- 
rive their nitrogenous contents. Some observations of Lewy 
render it probable that the quantity of oxygen varies percep- 

♦ BoQBsingaalt, Reehefii:hes sur la Compotition de rAtmosphiret in the 
Annalet de Chimie et de PTtytique, t.lvii., 1834, p. 171-173; and bud. 
1839, p. 116. According to BouBsingault and Lewy, the proportion of 
carbonic acid in the atmosphere at AadUIy, at a distance, therefore, from 
the exhalations of a city, varied only between 0*00028 and 0*00031 in 
volume. 

t Liebig,.in his important work, entitled Die Organisehe Chemie in 
ihrer Anwendung auf AgrieuUur und Phynologiey 1840, 8. 62-72. On 
the inflnence of atmospheric electricity in the production of nitrate of 
ammonia, which, coming into contact with carbonate of lime, is changed 
into carbonate of ammonia, see Bonssinganlt's Economie Rurcde con-^ 
iiddrSe daru tea Ravporis avec la Chimie et la MiUorologie, 1844, t. ii., 
p. 247, 267, and 1. 1., p. 84. 
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of continents, according' to local conditions or to the seasons of 
the year. We may easily oonceive that changes in the oxy- 
gen held in solution in the sea, prodaced hy rakroseopic aa* 
inial organisniB, may he attended hy alterations in the stratar 
of air in immedUate contact with it.* The anT which Martins 
collected at Faulhora at an eleratiofi of 8767 feet, coBtained 
as much oxygen as the air at Paris.f 

The admixture of oarhonate of ammonia in the atmoe^here 
may probably be considered as dder than the existence of or- 
ganic beinge oa the surface of the earth. The souioeB from 
which cub<mic acid:^ may be yielded to the atmosphere are 
most numerous. la the first place we would mention the t&h 
pisation of animals, who reeeiye the eaihen which they inhaia' 
from vegetable food, while vegetables receive it from the at- 
mosphere ; in the next place, oaarbon is suj^lied from the in- 
teiior of the earth in the vi<^ty c^ exhausted voloanees and 
thermal springs, from the decompoaition of a small quantity of 
ourbureted hydrogen gas in the atmosphere, aad from the elec- 
tric dischaige&of clouds, which are of such £pecpi^t oecurvence 
withm the tropics. Besides these substanees^ which we have 
considered an appertaining to the atmosphere at all he^ts 
that are acoessible to us, there are others accidentally mixed 
with them, especially near the ground, which sometimes, in 
the form of miasmatic and gaseona ecmtagia, exercise a noxious 
iailu«&oe on animal organization. Thm chemical nature has 
xK>t yet been ascertained by direct analysis ; but, fipom the con- 
sideration of the pracesses of d^ay which are perpetually go- 
ing on ia the animal and vegetdi>le substances with which the 
surface of our planet is covered, and judging from analogies 
deduced from the domain of pathology, we are led to in&r tho 
existence of such noxious local admixtures. Ammoniaoal and 
other nitrogenous vapors, sulphureted hydrogen gas, and oom- 
pounds analogous to the polybasic ternary and quaternary com^ 
oinations of the vegetable kingdom, may produce miasmata,! 

* Lewy, in the Compie$ Rendur de l^Aead. de* Sciences^ t xvii.. Part 
ii., p. 235-248. 
t Dumaa, in the AnnaUs de Chimie, de 86rie, t. iii., 1841, p. 257. 
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balanoed by the respimtorr proqesa of plants during the day. See Boa»> 
siBffaalt's Eeom, Riirale, t, i., p. 58-^8, and Liebig'a Organiteke Cheme, . 
a. 16, 21. , 

$ Gay-LoMae, in AnndUt de Ckimie, t liii., p. 120 ; Payen, Mini, tur 
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'^hich, under various forms, may generate ague and typhm 
fever (not by any meatns exclusively on wet, marshy ground, 
or on coasts covered by putrescent mollusca, and low bushes 
^ Rhizophora mangle and Avicennia). * Fogs, which have * 
a pectiliar smell at some seasons of the year, remind us of 
these accidental admixtures in the lower strata of the atmos- 
phere. Winds and currents of air caused by the heating of 
the ground even carry up to a considerable elevation solid 
substances reduced to a fine powder. The dust which dark-, 
ens the air for an extended area, and falls on the Cape Verd 
Islands, to which Darwin has drawn attention, contains, ac- 
cording to Ehrenberg's discovery, a host of siHcious-shelled in- 
fusoria. 

As principal features of a general descriptive picture of the 
atmosphere, we may enumerate : 

1 . Variations of atmosjpheric pressure : ta which belong 
the horary oscillations, occurring with such regularity m the 
tropics, where they produce a Imd: of ebb and flbw in the at- 
mosphere, which can not be ascribed to the attraction of the 
moon,* and which difiers so otosideraJbly according to geo- 
graphical latitude, the seascttis of the year, and the elevation 
above the level of the sea- 

■ 2. Climatic distridution of heat, which depends on the 
relative position of the transparent and opaque masses (the 
fluid and solid parts of the surface of the earth), and on the 
hypsometrical configuration of continents ; relations which de- 
termine the geographixad position and curvature of the iso- 
thermal Hnes (or curves of equal niean annual temperature) 
both in a horizontal and vertical direction, or on a uniform 
plane, or in difierent superposed strata of air. 

3. 7^ distribution of the humidity of the atmosphere. 
The quantitative relations df the humidity depend on the dif- 
fereiices in the sohd and oceanic surfaces ; on the distance from 
the equator and the level of the sea ; on the form in which the 

la CompotUion Ckimique des VigitattXj p. 36, 42 ; Liebig, Org, Chemie, 
«. 229-345; Bousamgault, Econ, Rurale, t. i., p. 142-153. 

* Boavard, by the application of the fermule, in 1827, which Laplace 
had deposited with the Board of Longitade shortly before his death, 
found that the portion of the horary Oscillations of the pressaro of the 
atmosphere, which depends on the attraction of the moon, can not raise 
the mercary in the barometer at Paris more than the 0*018' of a milli- 
meter, while eleven years' observations at the same place show the mean 
barometric oscillation, from 9 A. M. to 3 P.M., to be 0*756 millim., aiid 
from 3 P.M. to 9 P.M., 0*373 millim. See Mimirires d§ VAead^df 
SeUneei, t. vii., 1827, p. 267. 

Vol. I.— O 
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aqoBOtts yapor is precipitated, and on tbd conneGtioa existiag 
heiwe^ these deposits and the changes of temperature, and 
the direction and succession of winds. 

4. Tke electric coftdition of the otmo^fAere, The primary, 
cause of t)us condition, when the heavens are serene, is still 
much contested. Undei^ this he^d we must consider the re- 
lation of ascending yapois to the electrio charge and the form 
of the clouds, according to the difierent periods a£ the day and 
year ; the di^rence hetweeu the fx^ld and warm zones of the 
ofur^, or low and high lands ; the frequency or rarity of thun- 
der storms, their periodicity ai|d formation in summer and 
winter ; the causal connection of electricity, with the infire- 
quent occurrence of hail in the night, and with the phe- 
nomena of water i^nd ^nd spouts, so ably investigated by 
Peltier. 

The hcHniry oscillations of the barometer, which in the trop- 
ics p^ese^t two mwdma (viz., at 9 or 9J A.M., and X0| or 
lOf P,M., and two minima, a^t 4 or 4^ P.M., and 4 A.M., 
pccurring, therefbre, in ahjfkon^ the hottest and poldestliours), 
have long been the el^ect of xs^y most cs^reful diurnal and noo* 
tunial observations.* Their re^arity is m great, that, in 
the daytime especially, the hour ina.y be ascertained ftoai thd 
height of the merounal column >YitWt an errors, on the av- 
frage, of more than fifteen or seventeen minutes. In Ijie tor- 
lid zones of the New Continent, oq the coasts as well as at 
elevatiims of nearly 13,000 feet above the level of the sea» 
where the mea^ temperature falls to 44^*6, 1 have found the 
regularity of the ebb a»d &ovf of the aerial ocean undisturbed 
by storms, hurricanes, rain, and earthquakes. The amount 
of the daily oscillations diminishes from 1*32 to 018 French 
lines from the equator to 70° north latitude, where Bravais 
made v^ accurate obs^rvatioos at Bosekop.f The sn^pposi- 
tion that, nciuch nearer the pole, the height of the barometer 
is really less at 10 A.M. than at 4 P.M., and, cpi^sequently, 
that the maximum and minimum influences of these hours 

* Ohtemationi fcskes pour eonstater laMarche des VariaHoM Boraire* 
d» Barom^in tau$ les Tropiquea, in my Relation Hitboriqua d^ Voymg9 
0MX Rigionf EqumoxitUes, t. iii, p. 270-313. 

t Bfavaii^ in^Kaemtz and Martina, MiUorologie, p. 263. At Halle 
(510 29' N. lat.), due osciUatioBL still axnoonts to 0-28 lines. It would 
seem that a great many observations will be required iti order to obtain 
results that.oan be trusted in regard to the hoars of the maximum and 
miaimum on mountains in the temperate zone. See the observations 
of hocajy variations, collected on the Faulhom in 1832, 1841, and 1842. 
(Martms, MitiorologU, p. 254.) 
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m» inverted, is not oon&rmed liy Parry's obs^ryations at Por^ 
Bowen (73° 14'). 

The mean height of the barometer U^ somewhat less under 
the eqnator and in the tropics, owing to the efiect of the rising 
current,* than in the temperate zones, and it appears to attain 
its maximum in Western Europe between the parallels of 40^ 
and 45°. If with Kamtz we connect together by isobaramet- 
ric Unes those places which present the same mean difierence 
between the monthly extremes of the barometer, we shall have 
curves whose geographical position and inflectiooB yield ijn- 
portant conclusions regarding the influence exercised by the 
form of the land and the distribution of seas on the oscillations 
of the atmosphere. Hindostan, with its high mountain chains 
and triangular peninsulas, and the, eastern coasts of the New 
Continent, where the warm Gulf Stream turns to the east at 
the Newfoundland Banks, exhibit gveater isobarometric oscil- 
lations than do the gronp of the Antilles and Western Europe. 
The prevailing winds exercise a principal influence on the 
diminution of the pressure of the atmosphere, and tbis> as we 
have already mentioned, is accompanied, according to Daussy, 
by an elevation of the mean level of the sea.t 

As the most important fluctuadons of the pressure of the 
atmosphere, whether occurring with horary or aunual regu* 
larity, or accidentally, and then ofieB attended by vidienoe and 
danger^ ure, like all the other phenomena of the weather, 
mainly owing to the heating force of the sim's rays^ it has 
long been 'suggested (partly according to the idea of Lambert) 
that the direction of the wind fdKnuld be compared with the 
height of the barometer, alternations of temperature, and the 
increase and decrease of humidity. Tables of atmospheric 
pressure during diflerent winds, termed baiirometfie udndroseSt 
aflbrd a de^er msight into the conneetiom of meteorological 
phenomena. ( Dove has, with admirable sagacity, recognized, 
in the " law of rotation" in both hemispheres, which he him- 
self established, the cause of many important processes in the 
aerial ooean.ll Th» difiieienee of temperature between the 

* Httmboldt, Emm sur Im Gi^graphie deg Pl(mt€^ 1807, |^. 90; and 
in Rel, Hiit., t. iii., p. 313 ; and on the dimmntion of atmospheric press- 
ure in the tropical portioiis of the Atlantic, in Poggend*, Amnalen der 
PhfHk, hd. xuTii*, a. 245-Qd8, and s* 469-486. 

t Danasy, in the Comptes RmdiUt U iii., p. 136. 

t Dove, Ueber die £f^ftrme, in Poggend., Annaleiif bd. tii., s. 1. 

^ Leopold von BvLch^'BarotMirueke Wmdrostj m AbhandL derAkad>. 
der Wi$$4 xu Berlin aue den Jakren 1818-1819, s. 187. 

il See Dov«, Meteotvi^gitidie Uniermeshm^en, 1837, i. 99-343; and 
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equatorial and polar regions engaiden two opposite oiurents 
in the upper strata of the atmosphere and on the Earth's sur* 
face. Owing to the difierence between the rotatory velocity 
at the poles and at the equator, the polar current is deflected 
eastward, and the equatorial current westward. The great 
phenomena of atmospheric pressure, the warming and cooling 
of the strata of air, the aqueous deposits, and even, as Dove 
has correctly represented, the formaticm and appearance of 
oloudSy alike depend on the opposition of these two currents, 
on. the place where the upper one desdends, and on the dis- 
placement of the one by the other. Thus the figures of the 
clouds, which form an animated part of the charms of a land- 
scape, announce the processes at work in the upper regions of 
the atmosphere, and, when the air is calm, the clouds will 
often present, on a bright summer sky, the " projected image" 
of the radiating soil below. 

Where this influence of radiation is modified by the relative 
position of large continental and oceanic surfaces, as between 
the eastern shore of Africa and the western part of the Indian 
peninsula, its efiects are manifested in the Indian monsoons, 
which change with the periodic variations in the sun's decli- 
nation,* and which were known to the Greek nlB.vigators un- 
der the name of Hippalos* In the knowledge of the mon- 
soons, which undoubtedly dates back thousands of years among 
the inhabitants of Hindostan and China, of the eastern parts 
of the Arabian Gulf and of the western shores of the Malayan 

the esceUent obsenratioiiB of Kaintz on the desceiit of the west wind 
of the upper corrent in hi^h latitudes, and the general phenomena of 
the direction of the wind, m his V&rlewng6n ikber Meterologie, 1840, 9. 
58-66, 196-200, 327-336, 353-364; and in Schumacher's Jakrhuchfur 
1838, s. 291-302. A very satisfiictory and vivid representation of me- 
teorological phenomena is given by Dove, in his small work entitled 
WiUervni^fyerhdUniite von Berlin, 1842. On the knowledge of the 
earlier navigators of the rotation of the wind, see Churmca, Viage al 
Ma^eltanesj 1793, p. 15 ; and on a remarkable expression of Columbus, 
which his son Don Fernando Colon has presented to ns in his Vida del 
Mmir4wlei.ca.Tp, 55, see Humboldt, Eaamen Critique de VHite* de Qi* 
ographie, t. iv., p. 253. 

* Motuun (Malayan mueim, the hippalo§ of the Greeks) is derived 
from the Arabic word mavnm,B. set time or season of the year, the time 
of the assemblage of pilgrims at Mecca. The word has been aj^ed 
to the seasons at which certain winds prevail, which are, besides, named 
from places lying in the direction from whence they come ; thus, for 
instance, there is the nutusim of Aden, of Guzerat, Malabar, &c. (Las- 
sen, Indieche Al^rthumskunde, bd. i., 1843, s. 211). On the contrasts 
between the solid or fluid substrata of the atmosphere, see Dove, in J>er 
Abkandl, der Akad. der Wi9$, zu^ Beftlin Oug dem Jakt 1842, $. 939 
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Sea, and ia the still more ancient and mote general acquaint- 
ance ivith land and sea winds, lies concealed, as it were, the 
germ of that meteorological science which is now making such 
rapid progress. The long chain of magnetic stations extend- 
ing from Moscow to Pekin, across the whole of Northern Asia, 
will prove of immense importance in determining the law of 
the winds, since these stations haye also for their object the 
inyestigation of general meteorological relations. The^ com- 
parison of observations made at places lying so many hundred 
miles apart, will decide, for instance, whether the same east 
wind blows from the elevated desert of Grobi to the interior of 
Russia, or whether the direction of the aerial current first be^ 
gan in the middle of the series of the stations, by the descent 
of the air irom the higher regions. By means of such observ- 
ations, we may learn, in the strictest sense, whence the wind 
Cometh. If we only take the results on which we may de- 
pend from those places in which the observations on the direc- 
tion of the winds have been continued more than twenty years, 
we shall find (from the most recent and careful calculations 
of Wilhelm Mahlmann) that in the middle latitudes of the 
temperate zone, in both continents, the prevailing aerial cur- 
rent has a west-southwest direction. 

Our insight into the distribution of heat in the atmosphere 
has been rendered more clear since the attempt has been made 
to connect together by lines those places where the mean an- 
nual summer and winter temperatures have been ascertained 
by correct observations. The system of isothermal, isothercd^ 
and isodiimenal lines, which I first brought into use in 1817, 
may, perhaps, if it be gradually perfected by the united efforia 
of investigators, serve as one of the main foundations of com- 
parative climatology. Terrestrial magnetism did not acquire 
a right to be regarded as a science until partial results were 
graphically connected in a system of lines of eqtud dedino' 
tion, equal indinatum, and eqtial intensity. 

The term climate^ taken in its most general sense, indicates 
all the changes in the atmosphere which sensibly afiect our 
organs, as temperature, humidity, variations in the baromet- 
rical pressure, the calm state of the air or the action of oppo- 
site winds, the amount of electric tension, the purity of the 
atmosphere or its admixture with more or less noxious gase- 
ous exhalations, and, finally, the degree of ordinary transpar- 
ency and clearness of the sky, which is not only important 
with respect to the increased radiation from the Earth, the 
Qi^anic development of plants, and the. ripening of fraits» but 
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jJm with lefetenoe to its influence on tlie feelings and mental 
ccmdition of men. 

If the surface of the Earth oonmted oi one and the eame 
homogeneous fluid mass, or of strata of rock having the same 
odor, density, smoothness, and power of absorbing heat from 
the sohir rays, and of radiating it in a similar manner through 
the atmosphere, the isothermal, isotheral, and isochimenal 
lines -would all he parallel to the e^ator^ In this hypothet- 
ical condition of the Earth's sur&ce, the power of absorbing 
and emitting light and heat would every where be the same 
under the same latitudes. The mathematical consideration 
of climate, which does not exelude the supposition of the ex- 
istence of currents of heat in the interior, or in the external 
crust of the earth, nor of the propagatkm of heat by atmos- 
pheric currents, proceeds from this mean, and, as it were, 
primitiye condition. Whatever alters the c&paeity for ab- 
soiption and radiation, at places lying under the same parallel 
of latitude, gives rise to inflections in the isothermid lines. 
The nature oi these inflections, the angles at which the iso- 
thermal, isotheral, or isochimenal lines intersect the parallels 
c^ latitude, their convexity or concavity with respect to the 
pole of the same hemisphere, are. dependent on causes which 
more or less modify the temperature under difierent degrees 
of longitude. 

The progress of ClinuUdhgy has been remarkabfy favored 
by the Mctension of European ernlization to two opposite 
coasts, by its transmission from our western shores to a conti- 
nent which is bounded on the east by the Atlantic Ocean. 
When, after the ephemeral colonization firom Iceland and 
Greenland, the British laid the foundation of the first perma- 
nent settlements on the shores of the United States of Amer- 
ica, the emigrants (whose numbers were rapidly increased in 
consequence either of religious persecution, ^naticism, or love 
of fireedom, and who soon spread over the vast extent of ter- 
ritory lying between the Carolinas, Virginia, and the St. Law- 
rence^ were astcKiished to find themselves exposed to an intens* 
ity oi winter cdd far exceeding that which prevailed in Ita- 
ly, France, and Scotland, situated in eorrespondipg parallels 
pf latitude. But, however much a consideration of these cli- 
matic relations may have awakened attention, it was not at- 
tended by any practical results until it could be based on the 
numerical data of rnean annual tempercUtire, If, between 
€t&^ and 3 0° north latitude, we compare Nain, on the coast 
fif Labrador, with Gottenburg ; Halifiut with Bordeaux ; New 
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P?a: York with Napleis ; St. Augustme, in Florida, with Cairo, we 

find that, under the same degrees of latitude, the difierences 
ji: of the mean annual temperature hetween Eastern America 

-7: and Western Europe, proceeding f^om north to south, are suc- 

,*:j cessively 20O-7, 130-9, 60-8, and ahnost 0^. The gradual 

u^ decrease of the difierences in this series extending over 28^ 

^ of latitude is very striking. Further to the south, under tile 

tropics, the isothermal lines are every where parallel to the 
equator in both hemispheres. We see, firim the above exam- 
ples, that the questions often asked in society, how many de- 
grees America (without distinguishing between the eastern 
and western shores) is colder than Europe ? and how much 
the mean annual temperature of Canada and the United 
States is lower than that of corresponding latitudes in Eu- 
rope ? are, when thus generally expressed, devoid of meaning. 
There is a separate di^rence for each parallel of latitude, and 
without a special comparison of the winter amd summer tem- 
peratures of the opposite coasts, it will be impossible to arrive 
at a correct idea of climatic relations, in their influence on 
agriculture and other industrial pursuits, or on the individual 
comfort or discomfort of mankind in general. 

In enumerating the causes which produce disturbances in 
the form of the isothermal lines, I would distinguif^ between 
those which raise and those which lower the temperature. 
Td the first class belong the proximity of a western coast in 
the temperate zone ; the divided configuration of a continent 
into peninsulas, with deeply-indented bays and inland seas ; 
the aspect or the position of a portion of the land with refer- 
ence either to a fsea of ice spreading far into the polar circle, 
or to a mass of continental land of considerable extent, lying 
in the same meridian, either under the equator, or, at least, 
within a portion of the tropical zone ; the prevalence of south- 
erly or westerly winds on the western shore of a continent in 
the temperate northern zcme ; chains of mountains acting as 
protecting walls againsl winds coming from colder regions ; 
the infrequeney of swamps, which, in the spring and begin- 
ning of summer, long remain covered with ice, and the ab- 
sence of woods in a dry, sandy soil ; finally, the constant se- 
renity of the sky in the summer months, and the vicinity of 
an oceanic current, bringing water which is of a higher tem- 
perature than that of the surrounding sea. 

Among the causes which tend to lower the mean annual 
temperature I include the following : elevatibn above the level 
of the sea, when not forming part of an extended plain ; tK 
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▼icinity of an eutera coast in high and zniddle latitudes ; liie 
compact configuration of a continent having no littoral curr- 
atures or bays ; the extension of land toward the poles ixito 
the region of perpetual icCi without the intervention of a sea 
remaining open in the winter; a geographical position, in 
which the equatorial and tropical regions are occupied by the 
sea, and, consequently, the absence, under the same meridian, 
of a continental tropical land having a strong capacity for the 
absorption and radiation of heat; mountain chains, whose 
mursl form and direction impede the access of warm winds ; 
the vicinity of isolated peaks, occasioning the descent of cold 
currents of air down their declivities ; extensive woods, whieh 
hinder the insolation of the soil by the vital activity of their 
foliage, which produces great evaporation, owing to the ex- 
tension of these organs, and increases the surface that is cool- 
ed by radiation, acting consequently in a three-fold manner, 
by shade, evaporation, and radiation ; the frequency of swamps 
or marshes, which in the north form a kind of subterranean 
glacier in the plains, lasting till the middle of the summ.er ; a 
cloudy summer sky, which weakens the action of the solar 
rays ; and, finally, a very clear winter sky, favoring the radi- 
ation of heat.* 

The simultaneous action of these disturbing causes, wheth- 
er productive of an increase or decrease of heat, determines, 
as the total efiect, the inflection of the isothern^al lines, espe- 
cially with relation to the expansion and configuration of solid 
continental masses, as compared vnth the liquid oceanic. 
These perturbations give rise to convex and concave summits 
of the isothermal curves. There are, however, difierent or- 
ders of disturbing causes, and each one must, therefore, be 
considered separately, in order that their total effect may aft- 
erward be investigated with reference to the motion (direc- 
tion, local curvature) of the isothermal lines, and the actions 
by which they are connected together, modified, destroyed, or 
increased in intensity, as manifested in the contax5t and inter- 
section of small oscillatory .movements* Such is the method 
by which, I hope, it may some day be 4possible to connect to- 
gether, by empirical and numerically expressed laws, vast se- 
ries of apparently isolated facts, and to exhibit the mutual de- 
pendence which must necessarily exist among them. 

The trade winds— easterly winds blowing within the trop- 
ics — give rise, in both temperate zones, to the west, or west- 

* Humboldt, RtekercKet tur le$ CauMea dea Ji^/lexians dee lAgnea /«»- 
lft#me#, in A»U Centr., t. iii., p. 103-114, U8, 122, 188. 
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southwest -winds which prevail in those regions, and which 
are land winds to eastern coasts, and sea winds to western 
coasts, extending over a space which, from the great mass 
and the sinking of its cooled particles, is not capahle of any 
considerable degree of cooling, and hence it follows that the 
east winds of the Continent must be cooler than the west 
winds, where their temperature is not affected by the occur- 
rence of oceanic currehts near the shore. Cook's young com- 
panion on his second voyage of circumnavigation, the intelli- 
gent George Forster, to whom I am indebted for the lively 
interest which prompted me to undertake distant travels, was 
tbe first who drew attention, in a definite manner, to the cli- 
matic difierenoes of temperature existing in the eastern and 
western coasts of both continents, and to the similarity of 
temperature of the western coast of North America in the 
middle latitudes, with that of Western Europe.* Even in 
northern latitudes exact observations show a striking difier- 
ence between the mean annual temperature of the east and 
west coasts of America. The mean annual temperature of 
Nain, in Labrador (lat. 57^ 10'), is fully 60-8 below the freez- 
ing point, while on the northwest coast, at New Archangel, 
in Russian America (lat. 57^ 3'), it is 12^-4 above this point. 
At the first-named place, the mean summer temperature 
hardly amounts to 43^, while at the latter place it is 57°. 
Pekin (39^ 54')} on the eastern coast of Asia, has a mean an- 
nual temperature of 620-3, which is 9° below that of Naples, 
situated somewhat further to the north. The mean winter 
temperature of Pekin is at least 50'4 below the freezing point, 
while in Western Europe, even at Paris (48^ 50'), it is near- 
ly 6^ above the freezing point. Pekin has also a mean win- 
ter cold which is 4^-5 lower than that of Copenhagen, lying 
17^ further to the north. 

We have already seen the slowness with which the great 
m^K of the ocean follows the variations of temperature in the 
atmosphere, and how the sea acts in equalizing temperatures, 
moderating simultaneously the severity of winter and the heat 
of summer. Hence arises a second more important contrast 
— that, namely, between insular and littoral climates enjoyed 
by all articulated continents having deeply-indented bays and 
peninsulas, and between the climate of the interior <^ great 
masses of solid land. This remarkable contrast has been fuUy 

* George Forster, Kleine Sckrifient th. iii., 1794, s. 87 ; Dove, in 
fichnmacher's Jahrbuch fUr 1841, s. 289; Kamtz, Meteorologiey bd. ii.» 
8. 41, 43, 67, and 96; Arago, in the Comptet RindMt t. i., p. 268. 

02 
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developed by Leopold von Bucli in all it» various phenoiAena, 
both ^th respect to its influence on vegetation and agricul- 
ture» on the transpaiency of the atmosphere, the radiation of 
the soil, and the elevation of the line of perpetual snow. In 
the interior of the Asiatic Continent, Tobcdsk, Barnaul on the 
Oby, and Irkutsk, have the same mean summer heat as Ber- 
lin, Munster, and Cherbourg in Nonnandy, the thermometer 
sometimes remaining Hot weeks together at 86° or 88° » while 
the mean winter temperature ia, during the coldest month, as 
low as — 0°*4 to —4°. These continental climates have 
therefore justly been termed excesutm by the great mathema- 
tician and physicist Bufibn ; and the inhabitants who live in 
eoontries having such excessive climates seem almost eon« 
demned, as Dante expresses himself, 

** A 8offerir tormenti caldi e geli."* 

In no pcMrtion of the earth, neither in the Canary Islands, 
in Spain, nor in the south of Franee„ have I ever seen more 
luxuriant fruit, especially grapes» than in Astrakhan, near the 
shores of the Caspian Sea (46° 2V), Although the mean 
annual temperature is about 48°, tiie mean summer heat 
rises to 70°, as at Bordeaux, while not only there, but also 
further to the south, as at Kislar on the mouth of the Terek 
(in the latitude of Avignon and Rimini), the thermomet^ 
sinks in the winter to —13° or —22°, 

Ireland, Guernsey, and Jersey, the peninsula of Brittany, 
the coasts of Nonnandy, and of the south of England, present, 
by the mildnesa of their winters, and by the low temperature 
imd clouded sky of their summers^ the. most striking contrast 
to the continental climate of the interior of Eastern Europe. 
In the northeast of Irelimd (54^ 5Q'), lying under the same par- 
allel of latitude as Konigsberg in Prussia, the myrtle blooms 
as luxuriantly as in Portugal. The mean temperature of the 
month of August, which in Hungary rises to 70°, seavsely 
reaches 61° at]>ublin» which is situated on the same iaothefr- 
mal line of 49° ; the mean wmter temperature, which &lls to 
about 28° at Pesth, is 40° at Dublin (whose mean annual 
temperature is not more than 49°) ; 3°-6 higher than that of 
Milan, Favia, Padua, and the whole of Lombardy, where the 
mean annual temperature is upward of 55°. At Stromness, 
in the Orkneys, scarcely half a degree fUrther south than Stock- 
holm, the winter temperature is 39°, and consequently higher 
than. that of Paris, and nearly as high as that of London. 
* DantQ, IMvina Ctnmmediai Purgatorio, oaiLto iii. 
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Byen in the F&roe Islands, at 62^ kiitude, the inland watetii 
never freeze, cowing to the favoring influence of the west winds 
and of the sea. On the channing coasts of Devonshife, near 
Saloombe Bay, which has been termed, oi account of the 
mildness of its ftlimate, the Montpeilier of the North, the 
Agave Mexicana has been seen to blossom in the open air, 
while orange-trees trained against espaliers, and only slightly 
protected by matting, are found to bear fruit. There, as well 
as at Penzance and Gosport, and at Cherbourg on itab coast 
of Normandy, thd mean winter temperature exceeds 42°, fall- 
ing short by only 2^*4 of the mean winter temperature of 
Montpellier and Florence.* These observations will suffice 
to show the important influencer exercised on vegetation and 
agricidture, on the cultivation of fruit, and on the comfort of 
mankind, by di^rences in the distribution of the same xnean 
annual temperature, through the di^rent seasons of the year. 
. The lines which I have termed isochimenal and isoi^keral 
(lines of equal winter and equal sumtmer temperature) are by 
no means parallel with the isothermal lines (lines of equ&L 
annual temperature). If, for instance, in countries where 
myrtles grow wild, and the earth does not remain covered 
with snow in the winter, the temperature of the summer and 
autumn is barely sufficient to bring apples to perfect ripeness, 
and if, again, we observe that t^ grape rarely attains the 
ripeness necessary 16 convert it into wine, either in idands or 
in the vicinity of the sea,- even when cultivated on a western 
coast, the reason must not be sought only in the low degree 
of summer heat, indicated, in littoral situations, by the ther- 
mometer when suspended in the shade, but likewise in another 
cause that has not hitherto been sufficiently considered, al- 
though it exercises an active influence on znany other phe^ 
nomena (as, ibr instance, in the inflammation of a mixture of 
chlorine and hydrogen), namely, the diflerence between direct 
and difiused light, or that which prevails when the sky is clear 
and when it is overcast by mist. I long since endeavored tp 
i&ttraot the attention of physicists and physiologistst to this 

* Humboldt, 8ur lesLignet Jsothermes, in the M^moire* de Physique 
it de CUmie de la 8oc%€ti ^ArcueU, t. iii., Paris, 181^, p. 143-165 ; 
jKnight, in the Transactions of the HortieuUurtU Society of London^ vol. 
i., p. 32 ; Watson, Remarks on ike Oeograpkical Distribution of Britisl^ 
PUmtSt 1835, p. 60; Trevelyan, in Jamieson's Edinburgh ^ew Ph0, 
Journal, No. 18, pi 154; Mtmlmann, in his admirable German transkr 
tion of my Asie Centrale, th. ii., s. 60. 

' t ** H»c de temp^rie aeris, qoi ternun late circomftkodit, ac in qoo, 
looge a sob, instnunenta nostra meteorologica sospensa habemos. Sad 
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difierenoe, and to ike tmmeasared heat which in locally devel- 
oped in the hving vegetable cell by the action of direct light. 
If, in forming a thermic Bcale of different kinds of cukiva* 
tion,* we begin with those plants which require the hottest 
climate, as the vanilla, the cacao, banana, axnl coco^-nut, and 
proceed to pine-apples, the sug^-cane, coffee, froit-bearing 
date-trees, the cotton-tree, citrons, olives, edible chestnuts, and 
vines producing potable wine, an exact geographical consider- 
ation of the limits of cultivation, both on plains and on. the 
declivities of mountains, will teach us that other climatic re- 
lations besides those of mean annual, temperature are involved 
in these phenomena. Taking an example, for instance, firom 
the cultivation of the vine, we find that» in order to procure 
potable wine,t it is requisite that the mean annual heat should 
exceed 49^, that the winter temperature should be upward of 
33°, and the mean summer temperature upward of 64^. At 
Bordeaux, in the valley of the Garonne (44° 50' lat.), the 
mean annual, winter, summer, and autumn temperatures are 
respectively 57°, 43°, 71°, and 580. In the plains near the 

alia est caloris vis, qaem radii soils nuUis nubibus yeJati, in foliis ipsis 
et fructibus maturescentibus, magis minusve coloratis, gignnnt, quern- 
que, ut egreffia demonstrant experimenta amicissimorum Gay-Lussacii 
et Thenardi de combastiQtte chlori et hydro^enis, ope tbermometri me* 
tiri nequis. Etenim locis planis et montanis, vento libe spirante, cir- 
cumfusi aeris temperies eadem. esse potest coelo sudo vel uebuloso ; ide- 
oque ex observationibas Bolis thermometricis, nullo adhibito Photome- 
tro, baud cogtiosces, qoam ob causam Galliae septentrionalis tractns 
Armoricaiins et Nervicns, versus littora, coslo temperato sed sole raro 
ateatia, Vitea fere non tolerant. Egent enim stitpes non^ solum caloris 
Btimulo, sed et lucis, quae magis intensa locis excelsis quam planis, du- 
plioi modo plantas movet, vi sua turn propria, turn calorem in superficie 
earum excitante.^' — Humboldt, De Distributione Oeograpkica Planta- 
rwm, 1817, p. 163-164. 

* Humboldt, op. cit., p. 156rl61; Meyen, in his Orundrisa der 
Pfianzengeographie, 1836, s. 379-467 ; Boussingault, Economie RurcUe, 
t. ii., p. (575. 

t The following table illustrates t\m cultivation of the vine in Europe, 
and also the depreciation of its produce according to climatic relations. 
See my Atie CeiUrale, t. iii., p. 159.. The exam^es quoted in the text 
for Bordeaux and Potsdam are, in respect of numerical relation, alike 
applicable to the countries of the Rhine and Maine (48° 35' to 50° 7' 
N. lat.V Cherbourg in Normandy, and Ireland, show in the most re- 
markable manner how, with thermal relations very nearly similar to 
those prevailing in the interior of the Continent (as estimated by the 
thermometer in the shade), the results are nevertheless extiQmely dif^ 
ferent as regards the ripeness or the unripenoss of the fruit of the vine, 
this difierence undoubtedly depending on the circumstance whether 
the veeetf^tion of the plant proceeds under a bright sunny sky, or un- 
der a sky that is habitually obscured by clouds: 
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Baltic {529, dO' l&t.), where a wine is produced that can 
scarcely be considered potable, these numbers are as fellows : 
470-6, 310, 630-7, and 470-5. If it should appear strange 
that the great differences indicated by the infiuenee of climate 
on the production of wine should not be more clearly manifest- 
ed by our thermometers, the circumstance will appear less 
singular when we remember that a thermometer stiOiding in 
the shade, and protected from the effect of direct insolation 
and nocturnal radiation can not, at all seasons of the year, and- 
during all periodic changes of heat, indicate the true superficial 
temjperature of the ground exposed to the whole ejSect of the 
sun's rays. 

The same relations which exist betwe^i the equable littoral 
climate of the peninsula of Brittany, and the lower winter and 
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The great accordance in the distribution of the ananal tem^rature 
through &e different seasons, as presented by the results obtained for 
the valleys of the Rhine and Maine, tends to confirm the accuracy of 
these meteorological observations. ^ The months of December, January, 
and February are reckoned as winter months. When the different 
qualities of the wines produced in Franconia, and in the countries 
around the Baltic, are compared with tiie mean summer and autumn 
temperature of Wdrzburg and Berlin, we are almost surprised to find 
a difference of only ^hont two degrees. The different^e in the spring 
is about four degrees. ThQ influence of late May frosts on the flower- 
ing season, and after a correspondingly cold vtrinter, is almost as im- 
portant an element as the time of the subse<|nent ripening of the srape, 
and the influence of direct, not diffused, bght of the unclouded ^un. 
The difierence alluded to in the text between the true temperature of 
the surface of the ground and the indications of a thermometer sus- 
pended in the shade and protected from extraneous influences, is in- 
ferred by Dove from a couBideration of the results of fifteen years' ob- 
servations made at the Chiswick Gardens. See Dova^ in Berieht ft^er 
die Verkanil, dtr Bed, Akad, der Wits., August, 1844, s. 985. 
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higher summer temperature ef the remainder of the oontnient 
of France, are likewifie manifested, in some degree, between 
Europe and the great continent of Asia, of which ^e former 
may be considered to constitute the western peninsula. Eu- 
rope owes its milder climate, in the fbst place, to its position 
with respect to Africa, whose wide extent of tropical land is 
&voTable to the ascending current, while the equatorial region 
to the south of Asia is almost wholly oceanic ; and next to its 
deeply*articulated configuration, to the vicinity of the ocean 
on its western shores ; and, lastly, to the existence of an open 
sea, which bounds its northern c<mfines. Europe would there- 
fore become colder* if Africa were to be overflowed by the 
oosan ; or if the mythical Atlantis were to arise and connect 
Europe with North America ; or if the Gulf Stream were no 
longer to diffuse the warming influence of its waters into the 
North Sea ; or if, finally, another mass of solid land should be 
upheaved by volcanic action, and interposed betwe^i the 
Scandinavian peninsula and Spitzbergen. If we observe that 
in Europe the mean annual temperature falls as we proceed, 
from west to east, under the same parallel of latitude, from 
the Atlantic shores of France through Germany, Poland, and 
Russia, toward the Uralian Mountains, the main cause of this 
phenomenon of increasing cold must be sought in the form of 
the continent (which becomes less indented, and wider, and 
more compact as we advance), in the increasing distance from 
seas, and in the diminished influence of westerly winds. Be- 
yond the Uralian Mountains these winds are converted into 
cool land-winds, Mowing over extended tracts coveied with 
ice and snow. The cold of western Siberia is to be ascribed 
to these relations of coafignration and atmp^heric currents, 
and not — as Hippocrates and Trogiis Pomp^s, and even cele- 
brated travelers of the eighte«ith century conjectured — ^to the 
great elevation of the soil above the level of the sea.t 

If we pass from the difierences of temperature manifested in 
the plaina to the inequalities of the polyhedric ferm of the sur- 
face of our planet, we shall haire to consider mountains either 
in relation to their influence on the climate of neighboring 

* See my laenkoir, Ueber Me Banpt-Urtaehen det Tempetaturver' 
tehiedenkeit auf der JSrdoberftdche, in the Mhandl, der Akad. der Wit' 
tentck, zn Berlin von dem Jahr 1827, b. 311. 

t The general level of Siberia, from Tobolsk, TomBk, and Bamanl, 
from the Altai Moantdas to the Polar Sea, is not so high as that of 
Mauheim and Dresden ; indeed, Iikntsk, fiir to Ae east of tiie Jeniseif 
4s only 1330 feet above Ihe level of the sea, or about one thiti lower 
than Maaich. 
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valleys, or according to the efiects di the hypsoinetrical rela^ 
tions on their own summits, which often spread into elevated 
plateaux. The division of momitains into chains separates 
the earth's surface into difierent basins, which are often nar- 
row and walled in, iR>rmiBg caldron-like valleys, and (as in 
Greece and in part of Asia Minor) constitute an individual 
local climate with respect to heat, moisture, transparency of 
atmosphere, and frequency of winds and storms. These cir- 
cumstances have at all times exercised a powerful influence 
on the character and cultivation of natural products, and on 
the manners and institutions of neighboring nations, and even 
on the feelings with which they regard one another. ' This 
character of geographical i/ndividtudity attains its maximum, 
if we may be allowed so to speak, in countries where the dif- 
ferences in the configuration of the soil are the greatest possi- 
ble, either in a vertical er honzontal direction, both in rehef 
and in the articulation of the continent. The greatest con- 
trast to these varieties in the relations of the surface of the 
earth are manifested in the Steppes of Northern Asia, the 
grassy plains (savannahs, llanos, and pampas) of the New 
Continent, the heaths {Enceta) of Europe, and the sandy and 
stony deserts of Africa. 

The law of the deciBase of heat with the increase of eleva- 
tion at difierent latitudes is one of the most important subjects 
involved iu the study of'meteorological processes, of the geog^ 
raphy of plants, of the ^eory of terrestrial refraction, and of 
the various hypotheses that relate to the determination of th^ 
height of the atmosphere. In the many mountain journeys 
which I have undertaken, both within and without the trop- 
ics, the investigation of this law has always formed a special 
object of my researehes.'^ 

Since we hkve acquired a more accurate knowledge of the 
true relations of the distribution of heat on the siurface of the 
earth, that is to say, of the inflections of isothermal and isoth- 
eral lines, and their unequal distance apart in the difierent 
eastern and western systems of temperature in Asia, Central 
Europe, and North Ajneriea, we can no kmger ask the gen- 
eral question, what fraction of the mean annual or summer 
temperature corresponds to the dijSerenee of one d^ree of 
geographical latitude, taken in the same meridian ? Jn each 
system of ise^hermal lines of equal curvature there rdgns a 

. * Humboldt, Reeueil eP Observations Astronomiques, t. i., p. 126-140; 
RilaHon Historiquef t. i., p. 119, 141, 227; Biot, in Connaissanee dH 
^mnps pour Psm 1841, p. 90«-109» 
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cloBe and neeeisary connection between three elements, name- 
ly, the decrease of heat in a vertical direction from below up- 
ward, the difference of temperature for every one degree of 
geographical latitude, and the uniformity in the mean tem- 
perature of a mountain station, and the latitude of a point 
situated at the level of the sea. 

In the system of Eastern America, the mean annual temper- 
ature from the coast of Labrador to Boston changes 1°*6 for 
every degree of latitude ; from Boston to Charleston about 
l°-7 ; from Charleston to the tropic of Cancer, in Cuba, the 
variation is less rapid, being only 1^*2. In the tropics this 
diminution is so much greater, that from the Havana to 
Cumana the variation is less than 0^*4 for every degree of 
latitude. 

The case is qtate difierent in the isothermal system of Cen- 
tral Europe. Between the parallels of 38° and 71° I found 
that the decrease of temperature was very regularly 0°*9 for 
every degree of latitude* But as, on the other hand, in Cen- 
tral Europe the decrease of heat is 1°*8 for about every 534 
feet of vertical elevation, it follows that a difierence irf" eleva- 
tion of about 267 feet corresponds to the difierence of one de- 
gree of latitude. The same mean annual temperature as that 
occurring at the Convent of St. Bernard, at an elevation of 
8173 feet, in lat. 45° 50', should therefore be met with at the 
level of the sea in lat. 75° 50'. 

In that part of the Cordilleras which falls within the tropics, 
the observations I made at various heights, at an elevation of 
upward of 19,000 feet, gave a decrease of 1° for every 341 
feet ; and my friend Boussingault found, thirty years after- 
ward, as a mean result, 319 feet. By a comparison of places 
in the Cordilleras, lying at an equal elevation above the level 
of the sea, either on the declivities of the mountains or even 
on extensive elevated plateaux, I observed that in the latter 
there was an increase in the annual temperature varpng from 
2°-7 to 4°*1. This difference would be still greater if it were 
not for the cooling effect of nocturnal radiation. As the dif- 
ferent chmates are arranged in successive strata, the one above 
the other, from the cacao woods of the valleys to the region 
of perpetual snow, and as the temperature in the tropics va» 
ries but little throughout the year, we may form to ourselves 
.a tolerably correct representation of the climatic relations to 
which the inhabitants of the large cities in the Andes are sub- 
jected, by comparing these climates with the temperatures of 
particular months in the plains of France and Italy. Whik 
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the heat i^ch prevails daily on the woody shores of the 
Orinoco exceeds by 7° 2 that of the month of August at Pa- 
lermo, we find, on ascending the chain of the Andes, at Po- 
payan, at an elevation of 5826 feet, the temperature of the 
three summer months of Marseilles ; at Quito, at an eleva- 
tion of 9541 feet, that of the close of May at Paris ; and on 
the Paramos, at a height of 11,510 feet, where only stunted 
Alpine shrubs grow, though flowers still bloom in abund- 
ance, that of the beginning of April at Paris. The intelligent 
observer, Peter Martyr, de Anghiem, one of the friends of 
Christopher Columbus, seems to have been the first who rec- 
ognized (in the expedition- undertaken by Rodrigo Enrique 
Colmenares, in October, 1510) that the limit of perpetual 
snow continues to asc^ad as we approach the equator. We 
read, in the fine work De Helms OceanidSy* " the River Gaira 
comes from a mountain in the Sierra Nevada de Santa Maria, 
which, according to the testimony of the companions of Col- 
menares, is higher than any .other mountain hitherto discov- 
ered. It must undoubtedly be so if it retain snow perpet' 
uaUy in a zone which is not more than 10^ from the equir 
noctial line." The lower limit of perpetual snow, in a given 
latitude, is the lowest Hue at which snow continues during 
summer, or, in other words, it is the maximum of height to 
which ^e snow-Une recedes in the course of the year. But 
this elevation must be distinguished from three other phe- 
nomena, namely, the annual fluctuation of the snow-line, the 
occurrence of sporadic falls of snow, and the existence of g)a» 
ciers, which appear to be peculiar to the temperate and cold 
zones. This last phenomenon, since Saussure's immortal 
work on the Alps, has received much light, in recent times, 
fcom the labors of Venetz, Charpentier, and the intrepid and 
persevering observer Agassiz. 

We know only the lowers and not the upper limit of per- 
petual snow ; for the mountains of the earth do not attain to 
those ethereal regions of the rarefied and dry strata of air, in 
which we may suppose^ with Bouguer, that the vesicles of 
aqueous vapor are converted into crystals of ice, and thus ren- 
dered perceptible to our organs of sight. The lower limit of 
snow is not, however, a mere fimction of geographical latitude 
or of mean annual temperature ; nor is it at the equator^ or 

* Angleriug, De Rebut Oeeankitf Dec. zi., lib, ii., ^. 140 (ed. Ool., 
1574). In the Sierra de Santa Marta, the highest j>oint of which ap- 
pears to exceed 19,000 feet (see my Rilat. Hiet^ t. li., p. 214), there it 
a peak that ii still called Pico de Gaira. 
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even in the region of ihe trd|no8, that this limit attains its 
greatest elevation above the level of the sea. The phenome^ 
non of which we are treating is extremely complicated, de^ 
pending on the general relatiomi of temperature and humidity, 
and on the form of mountains. On gnbmitting these relations 
to the test of special analysis, as we may be permitted to do 
from the number of determinations that have recently been 
made,* we shall find that the controlling causes are ^e dif- 
ferences in the temperature of di^rmt seasons of tiie year ; 
thb direction of the pievailing winds and their xelatiofts to the 
land and sea ; the degree of dryness or humidity in the upper 
strata of ^e air ; the absolute thickness of the accumulated 
masses of fallen snow ; the relation of the snow-line to the to- 
tal height of the mountain ; the relative position of the latter 
in the chain to which it belongs, and the steepness of its de- 
clivity ; the vicinity of other summits likewise perpetually 
covered with snow ; the eiqumsion, position, and elevation of 
the plains from which the snow-mountain rises as an isolated 
peak or as a portion of a chain ; whether this plain be part 
of the sea-coast or of the interior of a ccmtinent ; whether it 
be covered with wood or waving grass ; and whether, finally, it 
consist of a dry and rocky soil, or of a wet and man^y bottom. 
The snow-hne which, under the equator in South Ameri- 
ca, attains an elevation equal to that of the summit of Mont 
Blanc in the Alps, and descends, according to recent measuie- 
ments, about 1023 feet lower toward the northern tropic in 
the elevated plateaux of Mexico (in 19^ north latitude), rises, 
according to Pentland, in the southern tropical zone (14^ 30' 
to 18^ south latitude), being more than 2665 feet higher in 
the maritime and western branch of the Cordilleras of Chili 
than under the equator near Quito on Chimborazo, Cotopan, 
and Antisaiia. Dr. Gillies even asserts that much further to 
the south, on the declivity of the volcano of Peuquenes (lati- 
tude 33^), he found the snow-line at an elevation of between 
14,520 and 15,030 feet. The evaporation dT the snow in the 
extremely dry air of the summer, and under a cloudless sky, 
is so powerful, that the volcano of Aconcagua, northeast of 
Valparaiso (latitude 32^ 30'), which was found in the expe- 
dition of the Beagle to be more than 1400 feet higher than 
Chimborazo, was on one occasion seen free firom snow.f In 

* Sp© my table of the height of the line of perpetaal snow, in both 
hemispheres, from 71^ 15' north kt. to 53^ 54' south lat., in my Atie 
CentraUy t. iii., p. 360. 

t Darwin, Journal of the Vfyyaget of the Adventure and Beagle, p. 297. 
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an aimoit equal notthem latitude (from 30<^ 45' to 31<^), the 
i9ttow*line on the southern declivity of the Himalaya lies at an 
eleyation of 12,982 feet, which is about the same as the height 
which we might have assigned to it from a comparison with 
other mountain chains ; on the northern declivity, however, 
under the influence of the high lands of Thibet (whose mean 
elevation appears to be about 11,510 feet), the snow-line is 
situated at a height o( 16,630 feet. This phenomenon, which 
has long been contested both in Europe and ^ in India, and 
whose causes I have attempted to develop in various works, 
published since 1820,* possesses other grounds of interest than 

As the volcano of Aconcagua wi|g. not at tlial time in a itata of eraption, 
we muflit not ascribe the remarkable phenomenon of the absence of 
snow to the internal heat of the mountain (to the escape of heated air 
throngh fissures), as is sometimes the case with Cotopaxi. Gillies, in 
the Journal of Natural Science, 1830, p. 316. 

* See my Second M4nurir€ wur lee Moniagnee de VInde, in the Annalee 
de Chimie et de Ph^Mique, t. ^iv., p.. 5-^5 ; and Ane Centrale, t. iii., p. 
281-^27. While the most learned and experienced travelers in India, 
Colebrooke, Webb, and Hodgson, Victor Jacquemont, Forbes Boyle, 
Carl von Hiigel, and Vigne, who have all personally examined the 
Himalaya range, are a^eed regarding the greater elevation of the 
snow-line on the Thibetian side, ue accuracy of this statement is called 
in question by John Gerard, by the geognosist MacClelland, the editor 
of tne CcUcutta Joumalj and by Captain Thomas Hutton, assistant sur- 
veyor of the Agta Division. The appearance of my work on Central 
Asia gave rise to a rediscossion of this question. A recent number (vol. 
iv., January, 1844) of MacClelland and Griffith's CaleuUa Jtnirnal of 
Natural History contains, however, a very remarkable and decisive no- . 
tice of the determination of the snow-line in the Himalayas. Mr. Bat- 
ten, of the Bengal service, writes as follows from Camp Semnlka, on the 
Gosillah River, Kumaon: 'lln the July, 1843, No, 14 of your valuable 
Journal of Natural Historjr, which I have only lately had the opportuni- 
ty of seeing, I read Captain Hutton's paper on the snow of the Hima^ 
layas, and as I differed almost entirely from the conclusions so confi- 
dently drawn by that gentleman, I thought it right, for the interest 
of scientific truth, to prepare son^e kind of answer ; as, however, on a 
more attentive perusal, I find that you yourself appear implicitly to 
adopt Captain Hutton's views, and actually use these words, ' We have 
long been conscious of the error here so well pointed out by Captain 
Hutton, in common with every one who hoe visited the HinuMlayas,* I fee] 
more inclined to address you, in the first instance, and to ask whether 
you will publish a short reply which I meditate ; and whether your 
note to Captain Hutton's paper was written after your own full and 
careful examination of the subject, or merely on a general kind of ac- 
quiescence with the fact and opinions of your able contributor, who is 
so well known and esteemed as a collector of scientific data ? Now I 
am one who have visited the Himalaya on the western side ; I have 
crossed the Borendo or Boorin Pass into the Buspa Valley, in Lower 
Kanawar, returning into the Bewaien Mountains of Ghurwal by the 
Koopin Pass; I have visited the source of the Jumna at Jumnoptreei 
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iboae of a puzely phyBical nfrtnie, since it «xeroiBes no ineott^ 
nderable degree of inflnence on the mode of life of numerons 
tribes — ^the meteorological prooeflses of the atmosphere being 
the controlling causes on which depend the agricultural or 
pastoral pursuits of the inhalntants of extensive tracts of con- 
tinents. 

As the quantity of mmsture in the atmoiq>here increases 
with the temperature, this element, which is so important for 
the whole organic creation, must vary with the hours of the 
day, the seasons of the year, and the difierences in latitude 
and elevation. Our knowledge of the hygrometric relations 
of the Earth's surface has been very materially augmented 
of late years by the general application of August's psychrom- 
eter, framed in accordance with the views of Dalton and 
Baniell, for determining the relative quantity of vapor, or the 

Bod, moving eastward, the Boorces of the Kalee or Mundaknee branch 
of the Granges at Kadamath ; of the Vishnoo Gkinga, or Alaknnnda, at 
Buddrinath and Mana ; of the Pindar at the foot of the Great Peak 
Nnndidevi; of the Dhoulee branch of the Ganges, beyond Neetee, cross- 
ing and recrossing the pass of that name into Thibet ; of the Goree or 
sreat branch of the Sardah, or Kalee, near Oonta Dhoora, beyond Me> 
lam. I have also, in my official capacity, made the settlement of the 
Bhote Mehals of this province. My residence of more than six years 
in the hills has thrown me constantly in the way of European and na- 
tive travelers, nor have I neglected to acc^uire information fixjm the re- 
corded labors of others. Yet, with all this exporience, I am prepared 
to affirm that the perpetual sfuno-line is at a hi^^ker elevation d!i the north- 
em slope of ' the Hmialaya' than on the soathern slope. 

" The facts mentioned by Captain Hutton appear to me only to refer 
to the northern sides of all momitains in these regions, and not to affect, 
in any way, the reports of Captain Webb and others, on which Hum- 
boldt formed his theory. Indeed, how can bjqj facts of one observer in 
one place falsify the facts of another observer m another place ? I will- 
ingly dlow that the north side of a hiU retains the snow longer and 
deeper than the south side, and this observation applies equally to 
heights in Bhote ; but Humboldt's theory is on the question of the per- 
petual snow-line, and Oa{>tain Hutton*s references to Simla and Mus- 
sooree, and other mountain sites, are out of place in this question, or 
else he fights against a shadow, or an objection of his own creation. 
In no part of his paper does he quote accurately the dictum which he 
wishes to oppose." 

If the mean altitude of the Thibetian highlands be 11,510 feet, they 
admit of comparison vnth the lovely and fruitful plateau of Caxamarca 
£n Peru. But at this estimate they would still be 1300 feet lower than 
the plateau of Bolivia at the Lake of Titicaca, and the causeway of the 
town of Potosi. Ladak, as appears from Vigne's measurement, by de- 
termining the boiling-point, is 9994 feet high. This is probably also 
the altitude of H'Lassa (Yul-sung), a monastic city, which Chinese 
writers describe as the realm of plecaure, and which is surrounded by 
vhieyards. Must not these lie in deep valleys? 
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condition of moisture t>f the atmosphere, by means of the dif- 
ference of the dew point and of the temperature of the air. 
Temperature, atmoBpheric pressure, and the direction of the 
wind, are all intimately connected ivith the vivifying action 
of atmospheric moisture. This influence is not, however, so 
much a consequence of the quantity of moisture held in solu- 
tion in difierent zones, as of the nature and frequency of the 
precipitation which moistens the ground, whether in the form 
of dew, mist, rain, or snow. According to the exposition made 
by Dove of the law of rotation, and to the general views of 
this distinguished physicist,* it would appear that, in our 
northern zone, " the elastic force of the vapor is greatest with 
a Southwest, and least with a northeast wind. On the west- 
em side of the windrose this elasticity diminishes, while it in* 
creases on the eastern side ; on the former side, for instance, 
the cold, dense, and dry current of air repels the warmer, 
lighter current containing an abundance of aqueous vapor, 
while on the eastern side it is the £)rmer current which is 
repulsed by the latter. The southwest is the equatorial cur- 
rent, while the northeast is the sole prevailing polar current." 
The agreeable and fresh verdure which is observed in many 
trees in districts within the tropics, where, for five or seven 
months of the year, not a cloud is seen on the vault of heaven, 
and where no perceptible dew or rain falls, proves that the 
leaves are capable of extracting water from the atmosphere 
by a peculiar vital process of their own, which perhaps is not 
alone that of producing cold by radiation. The absence of 
rain in the arid plains of Cumana, Coro, and Ceara in North 
Brassil, forms a striking contrast to the quantity of rain which 
falls in some tropical regions, as, for instance, in the Havana, 
where it would appear, from the average of six years* observ- 
ation by Ramon de la Sagra, the mean annual quantity of 
rain is 109 inches, equal to four or five times that which falls 
at Paris or at Geneva.t On the declivity of the Cordilleras, 

• See Dove, Meteorologueke VergleicKung von Nordamerika und Eu^ 
ropa, in Schumacher's JaAr&KcA/i^ 1841, s. 311 ; and his Meieorologuche 
Unlertuchwigent 6. 140. 

t The mean annual quantity of rain that fell in Paris between 1805 
and 1822 was found by Arago to be 20 inches; in London, between 
1812 and 1827, it was determined by Howard at 25 inches; while at 
Geneva the mean of thirtj-two years observation was 30*5 inches. In 
Hindostan, near the coast, the quantity- of rain is from 115 to 128 inches; 
and in the island of Cuba, fully 142 inches fell in the year 182U With 
regard to the distribution of the quantity of rain in Central Europe, at 
different periods of the year, see the admirable researches of Gasparin, 
Bchonw, and Brayais, in the Bibliothique Univ&rtdief t. xxxviii., p. 54 
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1^ quantity of rain, as well as tho tempefature, ^imininhoa 
with the increase in the elevation.* My South Amencaa 
fellow-traveler, Caldas, found that, at Santa Fe de Bogota, 
at an elevation of almoet 8700 feet, it did not exceed 37 
inches, beiog consequently little more than on flome parts of 
the western shore of Europe. Boussingault occasionally ob- 
served at Quito that Saussure's hygirometer receded to 26^ 
with a temperature of from 53^*6 to 560*4. Gay-Lussac 
saw the same hygrometer standing at 25^' 3 in his great aero- 
static ascent in a stratum of air 7034 feet high, and with a 
temperature of 39^-2. The greatest dryness that has yet 
been observed on the sur&ce of the globe in low luids is 
probably that which Gustav Bose, Ehxenberg, and myself 
found in Northern Asia, between the valleys of the Irtiseb 
and the Oby. In the Steppe of Platowskaja, after southwest 
winds had blown for a long time &om the intmor of the Con- 
tinent, with a temperature of 740*7, we found the dew point 
at 240. The air contained only j/^tha of aqueous vapor.f 
The accurate observers Kamtz, Bravais, and Martins have 
raised douhta during the last §qw years regarding the greater 
dryness of the mountain airi which appeared to be proved by 
the hygrometric measurements made by Sanssure and my- 
self in the higher regions of the Alps and the Cordilleras. 
The strata of air at Zurich and on the Faulhom, which can 
not be considered as an elevated mountain when oompsured 
with non-European elevations, fumidied the data employed 
in the comparisons made by these observers-^: In the tropical 
region of the Paramos (near the region wh^e snow begins to 
fall, at an elevation of between 12,000 and 14,000 feet), some 
species of large flowering myrtle-leaved alpine shrubs are al- 
most constantly bathed in moisture ; but this fact does not 
actually prove the existence of any great and absolute quan- 
tity of aqueous vapor at such an elevation, merely afibrding 

Bad 264; Tableau du Climat de VBaUe, p. 76; and Martms's notes to 
hia excellent French translation of Kamts's Yorieiungm flier MeteoroU 
ogk, p. 142. 

* According to Boassinganlt {Economie Ruraie, t. iL« p. 693), the 
mean quantity of rain that fell at Mannato (latitode 5^ 27', dtitude 
4675 feet, and mean temperature 69^) in the years 1833 and 1834 wa» 
64 inches, while at Santa F6 de Bogota (latitude 4^ 36^ altitnde 8685 
feet, and mean temperature 58°\ it ovULy amounted to 39^ inches. 

t For the Darticulars of this observation, see my AmU Centrales t. iii., 
p. 85-89 and 567 ; and regarding the amount of vapor in tiie atmos- 
phere in the lowlands of tropical South America, consult my RHaL. 
Hist.f t. i., p. 242-248; t ii., p. 45, 164. 

t Kamtz, Vorlesungen ft&er Meteordogiet s. 117. 
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an 9Ti<}«]3iGe of the fro^^ueitcy of aqueous procipitation, in like 
xnamier as do the frequeat mists with which the lovely pla- 
teau of Bogota is covered. Mists arise axul disappear several 
times in the course of au hour ia such eleT^tions as these, and 
with a calm state of the atmosphere. These rapid alterua- 
tioQjSL characterize the Paramos and the elevated fdaius of the 
(diaiii of the Andes. 

The dectricity of the atmosphere, whether considered in 
the lower or in the upper strata of the clouds, in its silent 
problematical diurnal course, or in the e^losion of the light- 
ning and thunder of the tempest, appears to stand in a mani- 
fold relation to all phenomena of the distribution of heat, of 
the pressure of the atmosphere and its disturbances, of hydro- 
meteoric exhibitions, and probably, also, of the magnetism of 
the external crust of the earth. It exercises a powerful in- 
duenoe on the whole animal and v^etable world ; not mere- 
ly by meteorological processes, as precipitations of aqueous va- 
por, and of the aoids and ammoniacal compounds to which it 
gives rise, but also directly as an electric force acting on the 
nerves, and promoting the circulation of the organic juices. 
This is not a place in which to renew the discussion that has 
been started regarding the actual source of atmospheric elec- 
tricity when the sky is clear, a phenomenon that has altern- 
ately been ascribed to the evaporation of impure fluids im- 
pregnated with earths and salts/ to the growth of plants,t or 
to some other chemical decompositions on the surface of the 
earth, to the unequal distribution of heat in the strata of the 
air,t and) finally, according to Peltier's intelligent researches,^ 
to ihe agency of a constant charge of negative electricity in 
the terrestrial globe. Limiting itself to results yielded by 
electrometric observations, such, fer instance, as are fiirnished 
by the ingenious electro-magnetic apparatus first proposed by 
CoUadon, the physical description of the universe should 
merely notice the incontestable increase of intensity in the 
general positive electricity of the atmosphere, II accompanying 
an increase of altitude and the absence of trees, its daily va- 
riations (which, according to Clazk's experiments at Dublin, 

* Begaarding the conditienB of electriciity from evaporation at high 
temperatores, see Peltier, in the Armales 4e Chimiet t. Ixxv., p. 330 

t PouiUet^ in the Annalea de Chimie, t. x:xxv.|^ p« 405. 

X De la BLve, in his admirable E»$ai Historiqu^ 9ur VElectrieUi, p. 
140. 

$ Peltier, in the CompU$ R€ndu$ de VAcad. des Seimee^ t, zii., p. 
^7 ; Becquerel, Trait6 de VElectrieiti et du Mmgnititme^ t. iv., p. 107 

il Daprez, 8ur VElectriciU de VAir (Bruxelles, ia44), p. 66r6l 
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take place at more comidicated periods than those found by 
Saussuie and myself), and its variations in the different 
seasons of the year, at difierent distances from the equator, 
and in the difierent relations of continental or oceanic sur- 
face. 

The electric equilibrium is less frequently disturbed where 
the aerial ocean rests on a liquid base than where it impends 
over the land ; and it is very striking to observe how, in ex- 
tensive seas, small insular groups afiect the condition of the 
atmosphere, and occasion the formation of storms. In fogs, 
and in the commencement of falls of snow, I have seen, in a 
long series of obBcrvations, the previously permanent positive 
electricity rapidly pass into the negative condition, both on 
the plains of the colder zcmes, and in the Paramos of the Cor- 
dilleras, at elevations varying from 11,000 to 15,000 feet. 
The alternate transition was precisely similar to that indica- 
ted by the electrometer shortly before and during a storm.* 
When the vesicles of vapor have become condensed into clouds, 
having definite outlines, the electric tension of the external 
surface will be increased in proportion to the amount of elec- 
tricity which passes over to it from the separate vesicles of 
vapor.f Slate-gray clouds are charged, according to Peltier's 
experiments at Paris, with negative, and white, red, and or- 
ange-colored clouds with positive electricity. Thunder clouds 
not only envelop the highest summits of the chain of the An- 
des (I have myself seen the electric efiect of lightning on one 
of the rocky pinnacles which project upward of 15,000 feet 
above the crater of the volcano of Toluca), but they have also 
been observed at a verticid height of 26,650 feet over the low 

* Hamboldt, Relation Historiqtie, t. iii., p. 318. I here only refer 
to those of my experiments in which the three-foot metallic coud actor 
of Saossare's electrometer was neither moved upward nor downward, 
nori according to Volta's proposal, armed with bumiBg sponge. Those 
of my readers who are well acquainted with the quastumea vexaUt of 
atmospheric electricity will understand the grounds for this Hmitatioo. 
Respecting the formation of storms in the tropics, see my R€L Hist, t. 
ii., p. 45 and 202-209. 

t Gay'Luflsac, in the Annales de Chimie et de Pkynque, t. viii., p. 167. 
In consequence of the discordant views of Lam6, Becquer6l, and Pel- 
tier, it is difficult to oome to a conclusion regarding the cause of the 
specific distribution of electricity in clouds, some oi which have a po*" 
itive, and others a negative tension. The negative electricity of the 
air, which near high water>&l]ft is caused by a disintegration of the 
drops of water — a fact originally noticed by Tralles, and confirmed by 
myself in various latitudes^-^is very remarkable, and is sufficiently in- 
tense to produce an appreciable eflfoot on a delicate electrometer at a 
diataoee of 300 or 400 feet. 
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iasidfii ill tbe temperate zone.^ Sometimes, however, the 
jBtmtum of cloud irom which the thunder proceeds- sinks to a. 
'difitaAce of 5000, or, indeed, only 3000 feet above the plain. 

According to Axago's investigations — ^the most c<»nprehen- 
sive that we possess on this difficult branch of metec»:ology — 
the evolution of light (lightning) is of three kind&*-^zagzag, 
(ftnd shaorply defined at the edge^ ; in sheets of light, illumin- 
ating a whole cloud, which seems to open and reveal the light 
withiQ it ; and in the form of fire-balls.t The duzaticm of the 
two first kinds so^iteely continues the thousandth part of a 
aeoond ; but the globular lightning moves much more slowl|f, 
jremaining visible for several seconds. Occasionally (as iis 
proved by the recent observations, which have confirmed the 
description given by Nicholson and Beccaria of this |^«iom- 
^gnon), isolated clouds, standing high above the horizon, con- 
tinue uninterruptedly ibr some time to emit a luminous ra- 
diance from their interior and from their margins, although 
there is no thunder to be heard, and no indication of a storm ; 
in some cases even hail-stones, drops of rain, and flahes of snow 
.have been seen to fall in a luminous condition, when the phe- 
nomenon was not preceded by thunder, in the gec^apMeal 
distribution of stoims, the Peruvian coast, which is not visited 
by thunder or Hghtning, presents the most, striking oontrast to 
the rest of the tropicsd zone, in which, at certain seasons of 
the year, thunder-stoims occur ahnost daily, abont four or five 
hours a^r the sun has reached the meridian. Aceordixig to 
the abundant evidence collected by Axago$ firom tiie testimony 
roi navigators (Scoresby, Parry, Ross, and Franklin), there can 
be no doubt that, in general, electric explosipns are eoctremely 
lare in high northe)?! regions (between 70^ and 7^° latitude). 

The meteorological portion of the desoiriptive history of na- 
ture which we are now concluding shows that the processes 
of the absorption of Hght, the liberation of heat, and the va* 
riations in the elastic and electric tension, and in the hygro^ 
iQetric condition of the vast aerial ocean, are all so intimate- 
ly connected together, that each individual meteorological 
prooess is modified by the action of all tha others. The com- 

* Ango, in the Annuaire du Bureau det LmgUudes pcwr 1888, p. 24^. 
t Arago, op. cit, p. 249-266. (See, ako, p. 268-279.;| 
i 'Arago, op. cit, p. 388*391. The learned academiciaii Von Baer, 
who has done so much for the meteorolo^ of Northern Asia, has not 
taken into consideration the extreme ranty of storms in Iceland and 
Grreenland ; he has only remarked ^£«/Ze^«» de VAcademie d&St PHert' 
bourgt 1839, Mai) that in Nova Zembia and Spitzbergen it is sometiiaiM 
heard to thunder. 
Vol. I.— P 
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plicated nature of these disturbing causes (whicfa involuntarily 
"lembd us of those which the near and especially the smallest 
eosmical bodies, the satellites, comets, and shooting stare, are 
subjected to in their course) increases the diflSiculty of giving a 
full explanation <rf these involved meteorological phenomena, 
and likewise limits, or wholly predudes, the possibility of that 
predetermination of atmospheric changes which would be so 
important for horticulture, agriculture, and navigation, no less 
than for the comfort and enjoyment of life. Those who place 
the value of meteorology in this problematic species of predic- 
tion rather than in the knowledge of the phenomena them- 
selves, are firmly convinced that this branch of science, on ac- 
count of which so many expeditions to distant mountainous 
regions hav« been undertaken, has not made any very consid- 
erable progress for centuries past. The confidence which they 
refuse to the physicist they yield to changes of the moon, and 
to certain days marked in the calendar by the superstition oi 
a by-gone age. 

" Great local deviations from the distributitNi of the inean 
temperature are of rare occurrence, the variations being in 
general uniformly distributed over extensive tracts of land. 
The deviation, after attaining its majdmum at a certain point, 
gradually decreases to its limits ; when these are passed, how- 
ever, decided deviations are observed in llie opposite direction. 
Similar relations <rf weather extend more frequently from south 
to north than from west to east. At the close of the year 1829 
(when I had just completed my Siberian journey), the maxi- 
mum of cold was at Berlin, wlule North America enjoyed an 
unusually high temperature. It is an entirely arbitrary as* 
sumption to believe that a hot srnnmer succeed a severe win- 
ter, and that a cool summer is preceded by a mUd winter." 
Opposite relations of weather in contiguous countries, or in 
two corn-growing continents, give rise to a beneficent equali- 
zation in the prices of the products of the vine^ and of agricul- 
tural and horticultural cultivation. It has been justly re- 
marked, that it is the barometer alone which indicates to us 
the changes that occur in the pressure of the air throughout 
all the aerial strata from the place of observation to the ex- 
tremest confines of the atmosphere, while* the thermometer 
and psychrometer only acquaint us with all the variations oc- 
curring in tho local heat and moisture of the lower strata of 

* Kamtz, in Schamacher^s Jahrbtteh f\i>r 1838, b. 285. Regarding 
the opposite distribution of heat in the east mid the west of Earope and 
North America, lee Dove, Repertorium der Pkytik, bd. iii., s. 392-8»5. 
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air in contact with the gTound. The siniultaneoiis thermio 
and hygrometric modifications of the upper regions of the air 
can only he learned (when direct ohservations on mountain 
stations or aerostatic ascents are impracticahle) from hypo- 
thetical comhinations, by making the barometer serve both as 
a thermometer and an hygrometer. Important changes of 
weather are not owing to merely local causes, situated at the 
place of observation, but are the consequence of a disturbance 
in the equilibrium of the aerial currents at a great distance 
&om the surface of the Earth, in the higher strata of the at* 
mosphere, bringing cold or warm, dry or moist air, rendering 
the sky cloudy or serene, and converting the accumulated 
masses of clouds into light feathery cirri. As, therefore, the 
inaccessibility of the j^enomenon is added to the manifold 
nature and complication of the disturbances, it has always 
appeared to me that meteorology must first seek its founda- 
tion and progress in the torrid zone, where the variations of 
the atmospheric pressure, the course of hydro-metecMrs, and 
the phenomena of electric explosion, are all of periodic occur- 
rence. 

As we have now passed in review the whole sphere of in- 
organic terrestrial life, and hare briefly considered our planet 
with reference to its fonn, its internal heat, its electro-mag- 
netic tension, its phenomena of polar hght, the volcanic reac- 
tion of its interior on its variously composed sohd crust, and, 
lastly, the phenomena of its two-fold envelopes — ^the aerial and' 
liquid ocean — ^we might, in accordance witii the older method 
of treating physical geography, consider that we had com- 
pleted our descriptive history of the globe. But the nobler 
aim I have proposed to myself, of raising the contemplation 
of nature to a more elevat^ point of view, would be defeated, 
and this delineation of nature would appear to lose its most 
attractive charm, if it did not also include the sphere of or- 
ganic life in the many stages of its typical development. The 
idea of vitality is so intimately associated with the idea of the 
existence of the active, ever-blending natural forces which an- 
imate the terrestrial sphere, that the creation of plants and 
animals is ascribed in the most ancient mythical representa- 
tions of many nations to these forces, while the condition of 
the surface of our planet, before it was animated by idtal 
forms, is regarded as coeval with the epoch of a chaotio 
conflict of the struggling elements. But the empirica,! do^ 
main of objeetive contemplation, and the dellEeatioxi of mx 
planet in its present condition, do not include a consideratf 
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<^ ite tninlenms tmA insoluble pxoblems ef tyngia aaid eufc- 
ence. 

A counical history of the umvene, restiag upon facts as its 
bam»t has, from the »aiiire and limitationft of its ^here, jneoes- 
lanly no ^Qnneetion with the obBoure domain emhisced by a 
history of orgamsms^^ if we undentaad the wofd Mttary in 
ils hroa^deat aonse. It must, however, be Temembered, that 
the inoEganic crttBt of the Earth contains within it the aame 
elemeniB ^lat enter into the stnifitiir& of aidmal luid vegeta- 
ble oigaxis. A pkyncal oosmogxafhy would idiexefoie be in 

* The kiitory ofplanUf which Endlicher and Unger have described 
in a most taatitoAj mamier ( Oruhdzlkgn der Botanik, 1843, s. 449-468), 
i myself separated from the gtogrofky cf pUmU half a -cecitaiy s^o 
la m6 aphorifm* appended to ray SuhttrrmM^n Florm, th« feUowing 
paasage ocean : " Geogoosia naturam aoimantem et iaammam vel, at 
vocabolo minuB a^pto*, ex antiquitate saltern baud petito, utar, corpora 
orgamca ttque ac inorgaoieatsonAiderat. Sunt emm tria quibus absol 
Titmr o^ka: Geograpnia oryc«ok>gicaqaam8impIiciterGeogDO«iam vel 
Geolo^m'diGont, virqne aoatiMimus Werseras egregie dijgessit ; Geo- 
graphia zoolQgica» emus doctrin«e fondamenta ZimmeriDamms et Tre- 
viranus jecerunt; et Geograpbia plantarum quam eeauales nostri diu in- 
tactam reliqaerant. Geographia plantaram vincnla et cognationem 
tndit, qaiiMB oimua vegetabxha inter se oonnexa sint, terre tractos 
qnos teneaat, m. aerem atmospheBriciun qoe sit eorum yk ostendity-saxa 
atque rapes qaibas potissimam algarom primordiis radicibosqoe destm- 
ontur docet, et quo pacto in tellaris saperficie humus nascatur, com- 
memoi!«it Sst itaque quod difierat inter Geognosiam et Physiograpbiam, 
kUUniamatwaHt perperam nnncupatam quum Zoognosaty Phytognosia, 
et Oiyotogpiosia, qon qoidem onmes in nature inveatigaitione yersantof, 
Hon nisi siagulorum animaliuni, plantarum, rerum metalUcaram vel 
(venia «it verbo) fossiliam formas, anatomen, vires scrutantur. Historia 
Tellaris, Geognotie ma^ quam Physiograpbis affiniA, nemini adhac 
teptata, phntaram anzrauiumque genera orbem inhabkaali&primaeyam, 
mirastuHies «oraja comfduriumqae i&teritam, ortem quMa montes, 
yaUes, Bocorum strata et venae metalliferis ducont, aerem, mutatis tern- 
porum viclbus, mode purum, modo vitiatum, terr© superficiem humo 
p^tisqae paolatim cNbtectam, fluminum inundantiam impetu denuo 
nadatam, iteramque vocatam et gcamiiie veatitam commemorat Igi- 
tm Historia zoologica, Historia plantaram et Historia Oi^ctologica, quee 
non iusi pristinum orbis terrce statum iadicant, a Geognosia probe dis- 
tinguendae.** — ^^Humboldt, Flora FriburgensU Suhtemmea, cui accedunt 
Apkorimei ex Pkj^tiohgia Ghemica Tlanta/ntm, 1795, p. ix.-x. Respect- 
ing the ^' apoDtaneoiia motion," vrhioh is referred to in a sobseqaent 
part of the text, see the remarkable passage in Aristotle, De Calo, ii,, 
•2, p. 284, Bekker, wh^re the distinction between animate and inanimate 
bodies is made to depend on the internal or external position of the 
sesit of IJhe delermisting motion. " No movement," si^s the Staginte, 
^< proceeds fiom the vegetable spirit, because plants axe buried in a 
stul sleep, from which nothing can aroose them" (Aristotle, J>e Oenerat. 
Animal., v. i., ^. 778, Bekker); and again, "because plants have no 
desinss which incite ihem to spontaneoas motion/' (Anst.» De Somno 
ft Vigil., cop. i., p. 4«5, Bekker.) 
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0Qiii|)lete if it were to omit a consideratioB of tifaes? JfoiKaeSr aaA 
of the sabstances which enter into solid and fiuid ecNOftbina^ 
tions in (»ganic tissues, under conditions which, £rom our ipu> 
ranee of their actual nature, we designate by the icagae term 
oi vitdL forces, and group into Torious systems, m acc<»:dance 
with more ox less perfectly conceived analogies. The nat- 
ural tendency of the human mind inroluntarily prompts^ us. 
to follow the physical ph«;iomena of the Earth, through aH 
their varied series, until we reach the final stage of the mor^ 
phological evolution of vegetaMe &nns, and the self-determin- 
ing powers of motion in animal organisms. And it is by these 
lin|[s that Ike geogrwpky of organic beings — of pianls and. 
animals- — ^is connected with the delineation of the iaoi^anio: 
phenomena of our terrestrial globe. 

Without entering on the difficult question of spontanema 
motion^ or, in other words, on the di£l[erence between vegeta- 
ble and ammal life, we would remark, that if nature had ea* 
dowed US with microscopic powers of vision, and the int^^- 
mentB of plants had been rendered perfectly transparent to 
ocur eyes, the vegetable world would present a very difierent. 
aspect from the a^qparent immobility and repose in which it 
ig now manifested to our senses. The initeri(» portion of the 
cellular straeture of their organs is incessaittly animated by 
the most varied currents, either rotating, ascending and de- 
scending, ramifymg, and ever changing their dixection, as 
manifolded in the motion of the granulax mucus <^ marina 
plants (Naiades, CharacesB, Hydrocharid{B)> and in the l^dxs of 
phanerogamic land plants ; in the molecular motion irnst dis- 
covered by the illustrious botanist Hobevt Brown, and which 
may be traced in the ultknate portions of every molecule of 
matter, ev«n when separated firom the otgKa ; in the gymtory? 
currents of the globules of cambium (oydosis) cbcnlating in 
their peculiar vessels ; and, finally, in the singularly articulaf* 
ted self-unrolling filamentous vessels in the antheridia of the 
chara, and in the reproductive organs of liverworts ai^d algSD., 
in the structural conditions of which Meyen, unhappily too 
early lost to science, believed that he recognized an analogy 
with the spermatozoa of the animal kingdom.*^ If to these 

* [" la' certain parts, probably, of sll plants, are foand peculiar spiral 
filaments, having a striking resemblance to the spermatozoa of aiumal^k 
They have been long known in the organs called the antheridia of 
mosseS; Hepaticse, and Gharaces, and nave more recently been dit* 
covered in peculiar cells on the terminal frond of ferns, and on the^ 
very youn^ leaves of the buds oTPhanerogamia. They are found ixt 
peculiar cells, and when these are placed in water they are tom by the 
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manifold currents and gyratoty moTemdnts we add the phe^ 
nom^Uk of endoemosis, nutrition, and growth, we shall haTe 
some idea of those forces which arie ever active amid the ap- 
parent repose of vegetable life. 

Since I attempted in a former work, Ansichten der Natur 
(Views of Nature), to delineate the universal difiusion of Ufe 
over the whole sur&ce of the Earth, in the distribution of 
organic forms, both with respect to elevation and depth, our 
knowledge of this branch of science has been most remarkably 
increased by Ehrenberg*s brilliant discovery " on microscopic 
hfe in the ocean, and in the ice of the polar regions" — a dis- 
covery based, not on deductive conclusions, but on cy^ect db- 
aervation. The sphere of vitality, we might almost say, the 
horizon of life, has been expanded before our eyes. " Not 
only in the polar regions is there an uninterrupted develop- 
ment of active microscopic life, where larger animals can no 
longer exist, but we find that the microscopic animals collect- 
ed in the Antarctic expedition of Captain James B^oss exhibit 
a remarkable abundance of unknown and oflen most beautiful 
forms. «Even in the residuum obtained from the melted ice, 
swimming about in round fragments in the latitude of 70° 10', 
there were found upward of fifty species of silicious-shelled 
Polygastria and CosoinodisciB with their green ovaries, and 
therefore living ahd able to resist the extreme severity of the 
cold. In the Gulf of Erebus, sixty-eight silicious-shelled Poly- 
gastria and Phytoliiharia, and only one ealeareous-shelled Poly- 
thalainia, were brought up by lead sunk to a depth of from 
1242 to 1620 feet." 

The greater number of the oceanic microscopic forms hith- 
erto discovered have been silicious-shelled, although the anal- 
ysis of sea water does not yield silica as the main constituent, 
and it can only be imagined to exist in it in a state of suspen- 
sion. It is not only at particular points in inland seas, or in 
the vicinity of the land, that the ocean is densely inhabited 
by living atoms, invisible to the naked eye, but samples of 

filament, which oommenoes an active epiral motion. ■ The signification 
of these organs is at present quite unknown ; thej appear, from the 
researches of Nageli, to resemole the cell mucilage, or proto-plasma, 
in composition, and are developed from it. Schleiden re^ds them as 
mere mucilaginous deposits, similar to those connected with the circu- 
lation in cells, and he contends that the movement of these bodies in 
water is analogous to the molecular motion of small particles of organic 
iind inorganic substances, and depends on mQchanicaIcau8es."-^Ott2^Mtt 
of Structural 4ind Phynological Botawit by A. Henfrey, FX.S., dEC, 
1646, p. 23.]— rr 
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water taken up by Schayer on his retum firom Yaxi Diemen's 
Land (south of the Cape of G<x)d Hope, in 51^ latitude, and 
under the tropics in the Atlantic) show that the ocean in its 
ordinary conditioUi -without any apparent discoloration, con- 
tains numerous microscopic moving organisms, which bear no 
resemblance to the swimming fragmentary siHcious filaments 
of the genus ChsBtoceros, similar to the OscillatorisB so common 
in our iiresh waters. Some few Polygastria, which have been 
found mixed with sand and excrements of penguins in Cock- 
bum Island, appear to be spread over the whole earth, while 
others seem to be peculiar to the polar regions.* 

We thus find from the most recent observations that ani- 
mal hfe predominates amid the eternal night of the depths of 
ocean, while vegetable life, which is so dependent on the pe- 
riodic action of the solar rays* is most prevalent on continents. 
The mass of vegetation on the Earth very iar exceeds that 
of animal organisms ; for what is the volume of all the large 
living Cetacea and Pachydermata when compared with the 
thickly-crowded colossal trunks of trees, of from eight to twelve 
feet in diameter, which fiU the vast forests covering the trop- 
ical region of South Am^ca, between the Onnoqo, the Amar 
zon, and the Hio da Madeira ? And although the ohaxacter 
of difierent portions of the earth depends on the combination 
of external phenomena, as the outlines of mountains — ^the 
physiognomy of plants and animals — ^the azure of the sky — 
the forms of the cbuds — and the transparency of the atmos- 
phere-^it must still be admitted that the vegetable mantle 
with which the earth is decked constitutes the main feature 
of the picture. Animal forms are inferior in mass, and their 
powers of motion often withdraw them from our sight. Th%i 

* See Ehrenberg's treadie Ueber daa kMntte Leben im Ocean, read 
before the Academy of Science at Berlin on the 9th of May, 1844. 

[Dr. J. Hooker found Diatomace«e in countless numbers between the 
parallels of 60° and 80° south, where they gave a color to the sea, and 
also to the icebergs floating in it. The death of these bodies in the 
South Arctic Ocean is producing a submarine deposit, consisting en- 
tirely of the silicibos particles of which the skeletons of these vegeta- 
bles are composed. This deposit exists on the 'shores of Victoria Land 
and afr the base of the volcanic mountain Erebus. Dr. Hooker account* 
ed for the &ot that the skeletons of Diatomacee had been found in the 
lava of volcanic mountains, by referring to these dejposits at Mount 
Erebus, which lie in such a pontion as to render it quite possible that 
the skeletons of these vegetables should pass into the lower fissures of 
the mountain, and then passing into the stream of lava, be thrown out, 
unacted upon by the heat to which they have been exposed. See Dr. 
Hooker's Paper, read before the British Association at Oxford, Joly^ 
1847.]— rr. 



Digitized by VjOOQ IC 



d44 COSMOS. 

vegdiftble kk^dioHi^ on the contrary, actd npon our imagination 
by its continued presence and by the magnitude of its forms ; 
for the size of a tree indicates its age, and here alone age is 
associated with the expression of a constantly renewed vigor.* 
In the animal kingdom (and this knowledge is also the restdt 
of Ehrenberg's discoveries), the £>rms which we term micro- 
scopic occupy the largest space, in consequence of their rapid 
propagation.! The minutest of the Infusoria, the Monadid») 
have a diameter which does not exceed ■^■^^h of a Hne, and 
yet these silicious-shelled organisms fi^rm in humid districts 
subterranean strata of many fathoms in depth. 

The strong and benefiGial influence exercised on the feelings 
of maoikind hy the consideration of Ihe difiusion of life through- 
ont the realms of nature is common to every zone, but the im- 
pression thus produced is most powerful in the equatorial re- 
gions, in the land of palms^ bamboos, and arborescent ferns, 
where the ground rises from the shore of seas rich in mollusca 
and eorals to the limits of perpetual snow. The beal distri- 
buti(Hi of plants embraces almost all heights and all depths. 
Organic forms not only descend into the intenor of the earth, 
where the industry of the miner has laid open extensive ex- 
cavations and sprung deep shafts, but I have also found snow- 
white stalaetitic odumns encircled by the delicate web of an 
Usnea^ in caves where meteoric water could alone penetrate 
through fissures. PodurellsB penetrate into the icy crevices of 
the glaciers on Mount Hosa, the Grindelwald, and the Upper 
Aar ; the Chioneea araneeides described by Dalman, and the 
microscopic Discerea nivalis (formerly known as Protocoo- 
eus), exist in the polar snow as well as in that of onr high 
mountains. The redness asstmied by the snow after lying^ on 
the ground for some time was known to Aristotle, and was 
probably observed by him on the mountanis of Macedonia.t 

* HnmholdtfAnsichten der Natur (2te Ausgabe, 1826), bd. ii., s. 21. 

t On multiplication by spontaneous division of the mother-corpuscle 
and intercalation of new substance, see Ehrenberg, Von denj^zt leben- 
den Thierarten der Kxfiidebildungt in the Abhandl, der Berliner Akad, 
der WisM.f 1839, s. 94. The most powerful productive faculty in na- 
ture is that manifested in the Vorticellae. Estimations of the greatest 
possible development of masses will be found in Ehrenberg's great 
work, Die Infustonstkietchen oils voUkommne Organismenf 1838, s. xiii., 
xix., and 244. " The Milker Way of these organisms comprises the 
genera Monas, Vibrio, Bacterium, and Bodo." The universality of life 
IS so profusely distributed throughout the whole of nature, that the small- 
er Infusoria uve as parasites on the larger, and are themselves inhabit- 
ed by others, b. 194, 211, and 512. 

t Ariitot., Higt. Animal., v. xix., p. 552, Bekk. 
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Whild/ on the lofliest Bommits of the Alps, only LecideflSi 
PannelisB, and UmbilicarisB cast their colored but scanty 
covering over the rocks, exposed by the melted snow, beauti- 
ful phanerogamic plants, as the Culcitium rufesoens, Sida 
pinchinchensis, and Saxifraga Boussinganlti, are still found 
to flourish in the tropical region of the chain of the Andes, at 
an elevation of more than 15,000 feet. Thermal springs con- 
tain small insects (Hydroporus thermalis), Gallionella, Oscilla- 
toria, and Confervas, while their waters bathe the root-fibers of 
phanerogamic plants. As air and water are animated at dif- 
ferent temperatures by the presence of vital organisms, so like^ 
wise is the interior of the difierent portiona of animal bodies. 
Animalcules have been found in thie blood of the frog and the 
salmon ; according to Nordmann, the fluids in the eyes of fishes 
are often filled with a worm that lives by suction (Diplosto- 
mum), while in the gills o^ the bleak the same observer has 
discovered a remarkable double animalcule (Diplozoon para- 
doxum), having a croBfr«haped form with two heads and two 
caudal extremities. 

Although the existence of meteoric Infusoria is more than 
doubtful, it can not be denied that, in the same manner as the 
pollen of the flowers of the pine is observed every year to fall 
from the atmosphere, minute infusorial animalcules may like- 
wise be retained for a time in the strata of the air, after hav- 
ing been passively borne up by currents of aqueous vapor.* 
This circumstance merits serious attention in reconsidering 
the old discussion respecting spoTztaneotcs generatio9ij\ and the 

* Ehrenberg, op. cit., b. xir., p. 122 and 483. This rapid mnltiplica- 
lion of microtoopic organiBins is, in the case of some (as, for instance, 
in wheat-eels, wheel-animals, and watep>bears or tardigrade animal- 
cules), accompanied bj a remarkable tenacity of life. Thej have been 
«een to come to life from a state of ^>parent death after bdng dried 
for twenty-eight days in a yacmxm with chloride of lime and saiphuric 
acid, and after being exposed to a heat of 248^. See the beautiful ex- 
periments of Doy^re, in M4m. »ur let Tardtgnidet tt wr l0ur proprUU 
de revefUr A la me, 1842, p. 119, 129, 131^ 133. Compare, also, Ehren- 
berg, 8. 492-496, on the revived of animalcules that had been dried 
during a space of many years. 

t On the supposed *' primitive transformation" of organized or unor- 
ganized matter into phints and animals, see Ehranbere, in Poggen- 
dorf's Annalen der Physik, bd. xxiv., s. 1-48, and also his Infusiont- 
thierchen, s. 121, 625, aad Job. MOUer, Phyriologie det Mentcken, (4te 
Anfl., 1844), bd. i., s. 8-17. It i^ppears to me worthy of notice that one 
of the earb^ fathers of the Church, St. Augnstine, in treating <if the 
question how idands may have been coverad with new animals and 
plants after the flood, shows himself in no way disinclined to adopt the 
view of the so-called *< spontaneous generation" {gmmoHo mq w i mm , 

P2 
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mofe 80, as Ehienberg, as I have already remarked, has dk- 
oovered that the nebulous dust or sand which manners often 
encounter in the vicinity of the Cape Verd Islands, and even 
at a distance of 380 geographical miles from the African shore, 
contains the remains of eighteen spedes of siUcious-shelled pol- 
ygastric animalcules. 

Vital organisms, whose relations in space are cinnprised un- 
der the head of the geography of plants and animals, may be 
considered either according to the difierence and relative num- 
bers of the types (their arrangement into genera and species), 
or according to the number of individuals of each species on a 
given area. In the mode of Hfe of plants as in that of ani- 
mals, an important diiSerence is noticed ; they either exist in 
an isolated state, or hve in a social condition. Those species 
of plants which I have termed social* uniformly cover vast 
extents of land. Among these we may reckon many of the 
marine Algae— Cladonise and mosses, which extend over the 
desert steppes of Northern Asia — grasses, and cacti growing 

Bpowtanea aut primaria). <'If," says he, ''animids have not been 
brought 16 remote islands by angels, or perhaps by inhabitants of con- 
tinents addicted to the chase, they must have been spontaneously pro- 
duced upon the earth ; although here the question certainly arises, to 
what purpose, theil, were animals of all kinds assembled in the ark?" 
" Si e terra exortie sunt (bestise) secundum ori^nem primam, quando 
dixit Deus: Producai terra animam vivatn! multo clanus apparet, non 
tam reparandorum animalium causa, quam figurandarum yariarum gen- 
tium (t) propter ecclesise sacramentum in area faisse omnia genera, si in 
insulis quo transire non possent, multa animalia terra produxit." Augus- 
tinus, De Civiiate Dd, Ub. xvi., cap. 7 ; Opera^ ed. Monack. Ordirus S. 
Benedietit t. vii. , Venet., 1732, p. 422. Two centuries before the time of 
the Bishop of Hippo, we find, by extracts from Trogns Pompeius, that 
the generatio primaria was brought forward in connection with the 
earliest drying up of the ancient world, and of the high table-land ot 
Asia, precisely in the same manner as the terraces of Paradise, in the 
theory of the great Linnaeus, and in the yisionary hypotheses entertain- 
ed in the eighteenth century regarding the febled Atlantis : " Quod si 
omnes quondam terrs submersee promndo fuecunt, profecto editissi- 
mam quamque partem decurrentibus aquis primum detectam ; humil- 
limo autem solo eandem aquam diutissime immoratam, et quanto prior 
queeque pars terrarum siccata sit, tanto prius animalia generare coepisse. 
Porro Scythiam adeo editiorem omnibus terns esse ut cuncta fiumina 
ibi nata in MsBotium, turn deinde in Ponticum et ^gyptium mare de- 
currant." — Justinus, lib. ii., cap. 1. The erroneous supposition that the 
land of Scythia is an elevated table-land, is so ancient that we meet 
with it most clearly expressed in Hippocrates, De uEre et Aquist cap. 
6, $ 96, Coray. '* Scythia," says he, " consists of high and naked 
plains, which, without being crowned with mountains, ascend higher 
and higher toward the north." 

* Humboldt, Aphorumi ex Phynologia ChenUea Pldntartmt in the 
Flora FribergtnHi Subterranea, 17»3, p. 178. 
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together like the pipes o£an oigan-^AvioenaiaB and mangioyes 
in the tropics — and forests of Conifers and of hirches in tha 
plains of the Baltic and in Siberia. This mode of geographical 
distribution determines, together with the individual form of 
the vegetable world, the size and type of leaves and flowexs, 
in fact, the principal physiognomy of the district ;* its charac- 
ter being but little, if at all, influenced by the ever-moving 
forms of animal life, which, by their beauty and diversity, so 
powerfully afiect the feelings of man, whether by exciting the 
sensations of admiration or horror. Agricultural nations in- 
crease artificially the predominance of social plants, and thus 
augment, in many parts of the temperate and northern zones, 
the natural aspect of uniformity ; and while their labors tend 
to the extirpation of some wild plants, 'they likewise lead to 
the cultivation of others, which follow the colonist in his most 
distant migration. The luxuriant zone of the tropics ofiers 
the strongest resistance to these changes in the natural distri- 
bution of vegetable forms. 

Observers who in short periods of time have passed over 
vast tracts of land, and ascended lofty mountains, in which 
climates werd ranged, as it were, in strata one above another, 
must have been early impressed by the regularity with which 
vegetable forms are distributed. The results yielded by their 
observations furnished the rough materials for a science, to 
which no name had as yet been given. The same zones or 
regions of vegetation which, in the sixteenth century, Cardinal 
Bembo, when a youth,t described on the dechvity of -^tna, 
were observed on Mount Ararat by Toumefort. He ingen- 
iously compared the Alpine flora with the flora of plains situ- 
ated in difl!erent latitudes, and was the first to observe the in- 
fluence exercised in mountainous regions, on the distribution 
of plants by the elevation of the ground above the level of 
the sea, and by the distance from the poles in flat countries. 
Menzel, in an inedited work on the flora of Japan, accidental- 
ly made use of the term geography of plants ; and the same 
expression occurs in the fanciful but graceful work of Ber- 
nardin de St. Pierre, Etudes de la Nature, A scientific treat- 
ment of the subject began, however, only when the geography 
of plants was intimately associated with the study of the dis- 

* On the pfay liognomy of plants, aee Homboldt, Anriekten der NcOwr^ 
bd. u.. ». 1-125. 

\ JStna Dudogw. Opw^ctiZtf, Basfl., 1556, p. 53, 54. Averybeaati. 
fal geography of the plants of Mount iEtna has recently been pnbliafaed 
by PbOippi. See Umma, 1832. s. 733. 
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tnlmtioa of heat over the sarfaoe of the earth, and when th^ 
arrai^ement of vegetable forms in natural families admitted 
of a numerical estimate being made of the different forms 
which increase or deorease as we recede from the equator to- 
ward the poles, and of the relations in which, in different parts 
of the earth, each family stood with reference to the whole 
mass of phanerogamic indigenous plants of the same region. 
I consid^ it a happy circumstance that, at the time dunng 
which I devoted my attention almost exclusively to botanical 
pursuits, I was led Ir^ the agpect of the grand and strongly 
characterized features of tropical scenery to direct my investi- 
gations toward these subjects. 

The study of the geographical* distribution of animal«> re- 
garding which Bufibn first advanced general, and, in most 
instances, very correct views, has been considerably aided in 
its advance by the progress made in modem times in the 
geography of plants. The curves of the isothermal lii^s, and 
more especially those of the isochimenal lines, correspond vnih 
the limits which are seldom passed by certain species oi plants, 
and of animals which do not wander far from their fixeid hab^ 
itation, either with respect to elevation or latitude.* The 

* [The following valaable remarks by Profedsor Forbes, on the cor- 
respondence existing between the distribution of existing faunas and 
floras of the British Islands, and the geological changes that hsye affect- 
ed their area, will be read with much interest; they have been copiedt 
hy the author's permission, from the Survey Report f p. 16 : 

" If the view I have put forward respecting the origia of the ftorti of 
the British mountains be true — and every geological and botanical prob- 
ability, so far as the area is concerned, mvors it' — ^then mast we endeaV" 
or to find some more plausible cause than any yet showa for the pres- 
ence of numerous species of plants, and of some animals, on the higher 
parts of Alpine ranges in Europe and Asia, specificaljy identical with 
animals and plants mdigenous in regions very far north, and not found 
in the intermediate lowlands. Toornefort first remarked, and Hum- 
boldt, the great organizer of the science of natural history geography, 
demonstrated, that zones of elevation on mountains correspond to par« 
allels of latitude, the higher with the more northern or southern, as the 
case might be. It is well known that this correspondence is reeo^z- 
ed itk the general /<l«>0t of the flora and fauna, dependent on generio 
correspondences, specific representatives, and, in some coses, sp|cifijQ 
identities. But when announcing and illustrating the law that chmatal 
zones of animal and vegetable life are mutually repeated or represented 
by elevation and latitude, naturalists have not hitherto sufficiently (if 
at all) distinguished between the evidence of that law, as exhibited by 
repretejitatwe tpeeies and far idenOecU. In reality, the former esseny 
tially depend on the law, the latter being an accident not neoessarily 
dependent upon it> and which has hitherto not been accounted fon In 
the ease of me Alpine flora of Britain, the evidence of the activily df 
the law, and the influence of the accident, are inseparable, the law be» 
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eJki fbr ifidtamce, lives in the Scandinavian peninaula, almofit 
ten degrees further north than in the interior of Siberia, where 
the line of equal winter temperature is so remarkably concave. 
Plants migrate in the germ ; and, in the case <^ many species, 
the seeds are furnished with organs adapting them to be con- 
veyed to a distance through the air. When once they have 
taken root, they become dependent on the soil and on the 
strata of air surrounding them. Animals, cm the e<Hitrary, can 
at pleasure migrate from the eqnatdr toward the poles ; and 
this they can more especially do where the isothermal lines 
are mn<^ inflected, and where hot summers succeed a great 
degree of winter cold. The royal tiger, which in no respect 
differs from the B^igal spedes, p^ietrates every summer into 

mg maintained by a transported flora, for the tranAmisBion of which I 
have shown we can not account by an appeal to unquestionable geo- 
logical events. In the case of the Alps and Carpathians, and some other 
momitain ranges, we find the law maintained partly by a representa- 
tive flora, special in its region, i. e., by i^eeific centers of their own, 
and partly by an assemblage more or less limited in the several ranges 
of identical species, these latter in several cases so numerous that or- 
dinary modes of transportation now in action can no more account for 
then: presenee than they can for the presence of a Norwegian flora on 
the British mountains. Now I am prepared to maintain that the samo 
means which introduced a sub-Arctic (now mountain) flora into Britain, 
acting at the same epoch, originated the identity, as far as it goes, of 
the Alpine floras of Middle Europe and Central Asia ; for, now that we 
know the vast area swept by the glacial sea, including almost the whole 
of Central and Northern Europe, and belted by land, since greatly up- 
lifted, which then presented to the water's eage those cUmatal condi- 
tions for which a sub-Arctic flora — destined to become Alpine — was 
specially organized, the difficulty of deriving stii6h a flora fhom its par- 
ent north, and of diffasmg it over the anowy hiUs bounding this facial 
ocean, vanishes, and the presence of identical species at such distant 
points remain no longer a mystery. Moreover, when we consider that 
the greater part of the northern hemisphere was uilder such climatal 
conditionB during the epoch referred to, the undoubted evidences of 
which have been made known in fiurope by numerous British and 
Continental observers, on the bounds of Asia by Sir Roderick Murchi- 
son, in America by Mr. tyell, Mr. Lo^an, Captain Bayfield, and oth- 
ers, and that the botanicid (and zoological as well) region, essentially 
nordiern and Alpine, designated by Professor Schouw that * of saxi- 
frages and mosses,* and first in his classification, exists now only on 
the flanks of the great ajTea which saflered toch conditions; and that, 
though similar coiMitioBs reappear, the relationship of Alpine and Arctie 
vegetation in the southena nemi^phere, with that in the northern, is 
entirely maintained by represeniaik»t and not by identical speeies (the 
representative, too, being in ^reat part ^neric, and not specific), the 
general tmth of my explaaation of Alpine floras, including identioal 
speciesy becomes so strong, that llie view proposed acquires fair <daims 
to be ranked as a theory, and not coaaiderea merely a convenient or 
bold hypothesis."]— 2V. 
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the north of Asia as far as the latitudes of Berlin and Ham- 
baig, a fact of which Ehrenberg and myself have spoken in 
other works .♦ 

The grouping or association of difierent vegetable species, 
to which we are accustomed to apply the term FloraSt do not 
appear to me, from what I have observed in diilerent portions 
of the earth's surface, to manifest such a predominance of in- 
dividual families as to justify us in marking the geographical 
distinctions between the regions of the Umbeliat®, of the So- 
lidaginee, of the Labiatse, or the Scitamines. With reference 
to this subject, my views di^r from those of several of my 
friends, who rank among the most distinguished of the bota- 
nists of Germany. The character of the floras of the elevated 
plateaux of Mexico, New Granada, and Quito, of European 
Russia, and of Northern A»a, consists, in my opinion, not so 
much in the relatively larger number of the species presented 
by one or two natural families, as in the more complicated 
relations of the coexistence of many families, and in the rela- 
tive numerical value of their species. The GraminesB and 
the Cyperace® undoubtedly predominate in meadow lands 
and steppes, as do ConifersB, Cupuliferss, and Betuhneffi in our 
northern woods ; but this predominance of certain forms is 
only apparent, and owing to the aspect imparted by the social 
plants. The north of Europe, and that portion of Siberia 
which is situated to the north of the Altai Mountains, have 
no greater right to the appellation of a region of Graminesd 
and ConifersB than have the boundless llanos between the 
Orinoco and the mountain chain of Caraccas, or the pine for- 
ests of Mexico. It is the coexistence of forms which may par* 
tially replace each otheir, and their relative numbers and as- 
sociation, which give rise either, to the general impression of 
luxuriance and diversity, or of poverty and uni£>rmity in the 
ccmtemplation of the vegetable world. 

In this fragmentary sketch of the phenomena of organiza- 
tion, I have ascended from the simplest cellf — ^the first mani- 
festation of life— progressively to higher structures. "The 

* Ebrenberg, in the AnmUes des Sciences Naturelles^ t xzi, p. 387 
412 ; Hamboldt, Asie CentraU, t. i., p. 33d-342, and t. iii., p. 96-101 

t Schleiden, Ud>er die Eniwieklvngeweise der PfianzenzeUen, in MQl 
ler^s Arehiv fUr Anatomie und Phytialogiey 1838, s. 137-176; alao his 
QrundzHge der wisaensehaftlichen Batawik, th. i., s. 191, and th. ii., s 
11. Schwann, Mikroscopieche Untersuchungen itber die UdferantHm^ 
mung in der Struktur und dem Wdehsthum der Thiere tmd Pfianxenf 
1339, a. 45, 220. Compare alao, on aimilar propagation, Job. MuUer, 
Fhytiologie de* Mentchenf 1840, th. ii., s. 614. 
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asflociation of mucous gsannl0& constitutes a defiiiitely*fbnned 
cytoblast, around which a vesicular membrane forms a closed 
cell/' this cell being either produced from another pre-existing 
cell * or being due to a cellular formation, which, as in the 
ease o£ the fermentation-fungus, is concealed in the obscurity 
of some unknown chemical process. t But in a work like the 
present we can yenture on no more than an allusion to the 
mysteries that involve the question of modes of origin ; the 
geography of animal and vegetable organisms must limit itself 
to the consideration of germs already developed, of their hab- 
itation and traasplantatiouj either by voluntary or involuntary 
migrations, their numerical relation, and their distribution 
over the surface of the earth. 

The general picture of nature which I have endeavored to 
delineate would be incomplete if I did not venture to trace a 
few of the most marked features of the human race, considered 
with reference to physical gradations — to the geographical 
distribution of cotemporaneous types — to the influence exer- 
cised upon man by the forces of nature, and the reciprocal, 
although weaker action which he in his turn exercises on 
these natural forces. Dependent, although in a lesser degree 
than plants and animals, on the soil, and on the meteorolog- 
ical processes of the atmosphere with which he is surrounded 
— escaping more readily^ from the control of natural forces, by 
activity of mind and the advance of intellectual cultivation, 
no less than by his wonderful capacity of adapting himself to 
all climates — ^man every where becomes most essentially asso- 
ciated with terrestrial Ufe. It is by these relations that the 
obscure and much-contested problem of the possibility of one 
common descent enters into the sphere embraced by a general 
physical cosmography. The investigation of this problem will 
impart a nobler, and, if I may so express myself, more purely 
human interest to the dosing pages of this section of my work. 

The vast domain of language, in whose varied structure we 
see mysteriously reflected the destinies of nations, is most inti- 
mately associated with the ajQBnity of races ; and what even 
slight diflerenoes of races may eflect is strikingly manifested 
in the history of the Hellenic nations in the zenith of their 
intellectual cultivation. The most important questions of the 
civilization of mankind are connected with the ideas of races, 

* Schleiden, OrundzUkge der wiiientchaftlicken Botanik, 1842, th. i., 
1. 192-197. 

t [On cellular formation, see Henfrey's Outlinet of StruetmxU tmd 
Phytiologieal Botany, op. cit., p. 16-22.]-— Tr. 
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oommtmity of language, and adherence to one original direo* 
tion of the intellectual and moral faculties. 

As long as attention was directed solely to the extremes in 
varieties of color and of form, and to the vividness of the first 
impression of the senseS) the observer was naturally disposod 
to regard races rather as originally difierent species than as 
mere varieties. The permanence of certain types* in the midst 
of the most hostile influences, especially of cUmate, appeared 
to favor such a view, notwithstanding the shortness of the' in- 
terval of time from which the historical evidence was derived. 
In my opinion, however, more powerful reasons can be ad* 
vanced in support of the theory of the unity of the human 
race, as, for instance, in the many intermediate gradationst 
in the color of the skin and in the form of the skull, which 
have been made known to us in recent times by the rapid prog- 
ress of geographical knowledge — ^the analogies presented by 
the varieties in the species «f many wild and domesticated ani- 
mals — and the more correct observations collected regarding 
the limits of fecundity in hybrids.): The greater number of 
the contrasts which were formerly supposed to exist, have dis- 
appeared be&re the laborious researches of Tiedemann on the 
brain of negroes and of Europeans, and the anatomical inves- 

* Tacitas, in his speculations on the inhabitants of Britain {AgricoUiy 
cap. ii.)» distinguishes with much judgment between tiiat which may 
be owing to the local climatic relations, and that which, in the immi- 
^ting races, may be owing to the unchan'geaUe influence of a hered-. 
itar^ and transmitted type. " Britanniam qui mortales initio coluerunt, 
indigense an advecti, ut inter barbaros, parum compertum. Habitat 
corporis yarii, atque ex eo argumenta ; namque rutilse Oaledoniam hab- 
itantium corns, magni artus Germanicam originem adseveraut. Silu- 
rum colorati vultus et torti pleramque crines, et posita contra Hispania, 
Iberos veteres tranecisse, easque cedes ocoupasse fidem faciunt : proxi- 
mi Gallis, et similes sunt : seu durante originis vi ; seu procurrentibos 
in diversa terris, poaitio coeli corporibus ^bitum dedil.** Regarding 
the persistency of types of conformation in the hot and cold regions of 
the eaith, and in the mountainous districts of the New Continent, see 
my Relation Higiorique, t. i., p. 498, 503, and t. ii., p. 572, 574. 

t On the American races generally, see the magnificent work of 
Samuel George Morton, entitled Crania Americemaf 1839, p. 62, 86 ;' 
and on the skulls brought by Pentland from the highlands of Titicaca, 
see the Dublin Journal of Medical and Chemical Science, vol. v., 1834, 
p. 475 ; also Alcide d'Orbigny, Vhomme Amiricain considirS soui tes 
rapT^rtt Physiol, et Mor,, 1839, p. 221 ; and the work by Prince Maxi- 
milian of Wied, which is well worthy of notioe for the admirable edmo 
graphical remarks in which it abounds, entitled Reise in das Innere von 
Nordatnerika (ISS9). 

X Rudolph Wagner, Ueber Blendlin^e und Bastarderzeugung, in hia 
Betes to the German translation of Pnchard'f Physical History of Jfon* 
kind, Tol. i., p. 138-150. 
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oampttriog tke dark-odored Afiiean natioiui, cm wbose phyeical 
history the admirable "work of Fiiehard has thrown so much 
light, vrith the vaees inhabil^^ the islands of the Sooth-In- 
dian and West-Austrahaii avehipdiago, and with the Fapuas 
and Alfoaioos; (Harofeifag^ Endamenes), we see that a black 
skin, woolly hair, and a neg9o*like ^uit cf eounteaaaee are not 
necessarily connected together.* So loi^ as only a small por- 
tion of the earth was Imown to the Western nations, partial 
viawB neeeisarfly pvedomittated, and tsopical heai aaid a black 
skin consequently appeared insepavable. " The £l^ii(^ans/' 
said the ancient tvagio poet Theodeoleff of Phasehs.f *' are 
colored by the near sonrgod in Ine Oonrse wi^ a sooty Inster, 
and their hair is dried and crisped with the heat of his rays." 
The campaigns of Alexander, which gave rise to so many new 
ideas regajding physical geography, likewise first excited a dis- 
cussion on the problematical influence of clknate on races. 
'' Families of animals and jfdants,*'' writes one oi the greatest 
anatomists of the day, Johannes Miiller, in his noble and com- 
prehensiTO work, Physklogie des Mensch^m^ " undergo, within 
certain limitations peculiar to the difierent races ai^! species; 
various modifications in their distribution over the surface of 
the earthy propagating these variations as organie types of spe- 
oiefrt The present races of animato bavo been produced by 

* Prichanl, op. cit., yoL ii., p. 924. 

f Onesioritas, in 6tral]0, zv., p. 690, 695, OBMnb^ Welcker, Chie^ 
ehiscke Tragodien, abth. iii., s. 1078, conjectures thit the verses of 
Theodeetes, cited by Strabo, are taken fcom a lost tragedy, which prob- 
Mj bore the tide of ** Menrnon." 

t [In iUastnlaoB of tfais, theoMicltunons of Professor Edward Forbes 
respecting the oripn and diffhsion of the British flora may be cited. 
See the Survey Memoir already quoted, 0» the ConnecHon betieeen the 
DietribuHon of ike exittkif Fauna and Flora of the Brituh hiande, &c., 
p. 65. ** 1. The flora and fanaa, tenestarial aad marine, of the British 
ishuids aad seas, have originated, so fiir as that area is concerned, nnce 
the meiocene epoch. 2. The assemblages of animals and pUints com- 
podng that fanaa and flora did not appear in the area they now inhabit 
Mwaltaneonsly, but at several distinot points in time. 9. Both the fauna 
and flora of te British islands aed seas are composed partly of species 
which, either permanently or for a time, appearod in that area before 
the ghieial epoch ; pardy of aaeh as inhabited it during that epoch ; and 
in great part of those virhich did not appear there until afterward, and 
whose appearanee on the eardi was coeval with the elevation of the 
bed of the glacial sea and the eoBseqaent cHmatal changes. 4. The 
greater part of the terrestrial animals and flowering plants now inhab- 
itii^ the British islands are members of specific eenters beyond their 
area, and have migrated to it over continuous land before, during, or 
after the glaciid epoch, 5. The olimattd conditions of the area under 
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the combined aotkm of many AiSsreat internal as lyeil bm ex- 
ternal oonditions, the nature of which can not in all casei be 
defined, the most striking varieties being found in those fami- 
lies which are capable of the greatest distribution oyer the sur- 
face of the earth. The different races of mankind are forms 
of one sole species, by the imion of two of whose members 
descendants are propagated. They are not different species 
oi a genus, since in that case their hybrid descendants would 
remain unfimitful. But whether the human races have de- 
scended from several primitive races of men, or from one alone, 
is a question that can not be determined firom experience."* 

Geographical investigaticns regarding the ancient seat, the 
80-call^ cradle of the hmnan race, are not devoid of a myth- 
discussion, and north, east, and west of it, were severer during the gla- 
cial epoch, when a great part of the space now occupied by the Pritish 
isles was under water, than thejr are now or were before ; bat there is 
good reason to believe that, so &r from those conditions having contin- 
ued severe, or having gradually diminished in severity southward of 
Britain, the cold region of the glacial epoch came directly into contact 
with a region of more southern and thermal character than that in which 
the most southern beds of glacial drift are now to be met with. 6. Thi» 
state of things did not materially differ from that now existing, under 
corresponding latitudes, in the North American, Atlantic, and Arctic 
seas, and on their bounding shores. 7. The Alpine floras of Europe 
and Asia, so far as they are identical with the flora of the Arctic and 
sub* Arctic zones of the Old Worlds are fragments of a flora which was 
diffused from the north, either by means of transport not now in action 
on the temperate coasts of Europe, or over continuous land which no 
longer exists. The deep sea fauna is in like Qianner a fragment of the 
general glacial fauna. 8. The floras of the islands of the Atlantic ro- 
giou, between the Gulf-weed Bank and the Old World, are fragments 
of the great Mediterranean flora, anciently diffu9ed over a land consti- 
tuted out of the upheaved and never again submerged bed of the (shal- 
low) Meiocene Sea. This great flora, in the epoch anterior to, and 
probably, in part, during the glacial period, had a greater extension 
northward than it now presents. 9. The termination of the glacial 
epoch in Europe was marked by a recession of an Arctic fiiuna and flom 
northward, and of a fauna and flora of the Mediterranean type south- 
ward ; and in the interspace thus produced there appeared on land dio 
Germanic fauna and flora, and in the sea that famia termed Celtic. 
10. The causes which thus preceded the appearance of a new assent 
blape of organized beings were the destruction of many species of ani- 
mals^ and probably also of plants, either forms of extremely local dis- 
tribution, or such as were not capable of enduring many changes of con- 
ditions — species, in short, with very limited capacity for htHizontal or 
vertical diffusion. 11. All the changes before, during, and after the 
glacial epoch ^pear to have been gradual, and not sudden, so that no 
marked line of^demarkation can be drawn between the creatures in- 
habiting the same element and the same locality daring two proximate 
.periods." ]— Tr. .. ^ 

* Job. MttUer, Phytiologie df M(nuehen, bd. ii„ s. 768. 
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ieftl character. **lVe do not know," says Wilhelm tor Htim- 
boldt, in an unpnHished work On the Varieties of LangU€tges 
and Nations, " either from history or &om authentic tradition, 
any period of time in which the human race has not been 
divided into social groups. Whether the gregarious condition 
was original, or of subsequent occurrence, we have no historic 
evidence to show. The separate mythical relations found to 
exist independently of one another in different parts of the 
earth, appear to refute the first hypothesis, and concur in 
ascribing the generation of the whole human race to the union 
of one pair. ' The general prevalence of this myth has caused 
it to be regarded as a traditionary record transmitted from 
the primitive man to his descendants. But this very circum- 
stance^ seems rather to prove that it has no historical founda- 
tion, but has simply arisen from an identity in the mode of 
intellectual conception, which has every where led man to 
adopt the same conclusion regarding identical phenomena ; in 
the same manner as many myths have doubtlessly arisen, not 
from any historical ccmnection existing between them, but 
rather from an identity in human thought and imagination. 
Another evidence in favor of the purely mythical nature of 
this belief is afforded by the fact that the first origin of man- 
kind — a phenomenon which is wholly beyond the sphere of 
experience-— is explained in perfect conformity with existing 
views, being considered on the principle of the colonization of 
some desert island or remote mountainous Valley at a period 
when mankind had already existed for thousands of years. It 
is in vain that we direct our thoughts to the solution of the 
great problem of the first origin, since man is too intimately 
associated with his own race and with the relations of time 
to conceive of the existence of an individual independently of 
a preceding generation and age. A solution of those difficult 
questions, which can not be determined by inductive reasoning 
or by experience — whether the beHef in this presumed tradi- 
tional condition be actually based on historical evidence, or 
whether mankind inhabited the earth in gregarious associa- 
tions from the origin of the race — can not, therefore, be de- 
termined from philological data, and yet its elucidation ought 
not to be sought from other sources." 

The distribution of mankind is therefore only a distribution 
into varieties, which are commonly designated by the some- 
what indefinite term rax:es. As in the vegetable kingdom, 
and in the natural history of birds and fishes, a classification 
into many small families is based on a surer foundation than 
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wheie lai^ eectioiiB are separated inta a few bvt lifge ibf> 
taoDB ; so it also appearo to me, that in the determmation q£ 
laoes a pr^erence should be given to the establishment of 
small families of nations. Whether we adopt the old classi- 
fication of my master, Blamenbach, and admit ^t^^ races (the 
Caucasian, Mongolian, American, Ethiopian, and Malayan), 
or that of Prichard, into seven races* (the Iranian, Turanian, 
American, Hottentots and Bushmen, Negroes, Pt^uas, and 
Alfourous), we fail to recognize any typical sharpness of d^- 
inition, or any general or well*establi£^ed principle in the di- 
vision of these groups. The extremes of form and color are 
certainly separated, but without regard to the races, which 
can not be included in any of these- classes, and which have 
been alternately termed Scythian and AllophyUic. Iranian is 
certainly a less objectionable term £>r the European nations 
than Caucasian; but it may be maintained generally that 
geographical denominations are very vague when used to ex- 
press the points of departure of races, more especially where 
the country which haa.given its name to the race, as, for in- 
stance, Turan (Mawerannahr), has been inhabited at diffin^ 
ent periods! by Indo-Grermanic and Finnish, and not by M&a- 
go]ian tribes. 

* Prichard, op. cit., vol. i., p. 247. 

t The late amval of the Turkish and Mongo&an tribes on the Oxtis 
and on the Kirghis Steppes is opposed to the hypothesis of Niehidir, 
according to which the Scythians of Herodotus and Hippocrates were 
Mongolians. It seems far more probable that the ScyUuans (Scoloti) 
should be referred to the Indo-Germanic Massagetse (Alani). The 
Mongolian, true Tartars (the latter term was afterward falsely given to 
irarely Turkish tribes in Russia and Siberia), were settled, at that pe- 
riod, far in the eastern part of Asia. See my AHe Centreth, t. i., p. 239, 
400 ; Examen Criiique de VHistoire de la Qiogr., th. ii., p. 320. A dis- 
tinguished philologist, Professor Buschmann, calls attention to the cir- 
oumstance that the poet Firdousi, in his half-mythical prefatory remuks 
in the Sehahnemeh, mentions " a fortress of the Akni" on the jMa-shore, 
in which Selm took refuge, this prince being the eldest son of the 
King Feridun, who in all probability lived two hundred years before 
Cyrus. The Kirghis of the Scythian steppe were originally a Finnish 
tnbe ; their three hordes probably constitute in the present day the 
most numerous nomadic nation, and their tribe dwelt, in the sixtee^di 
centur}r, in the same steppe \u which I have myself seen them. The 
Byzantine Menander (p. 380-382, ed. Nieb.) expressly states that the 
Ohacan of the Turks rThu-Khiu), in 569, made a present of a Kirghis 
•lave to Zemarcbus, the embassador of Justinifui II. ; he terms her a 
X^PX^S » ^"id we find in Abul^asi {Historia Mongolorum et Tatarorum} 
that the Kirghis are called Kirkiz. Similarity of manners, where the 
nature of the country determines the principal characteristics, is a very 
tmcertain evidence of identity of race. Tne life of the steppes pro* 
dooes among the Turk* (Ti Tukin), the Basehkirs (Fins), the Kirghis^ 
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laaaignogea, as inteUecftual creatioos of maa, and as closely 
kilerwoyen with the development of xnind, are, independently 
of the natianai ibrm which they exhibit, of the gseatest im- 
portance in the recognition of similarities or differences in 
iraoes. This importance is especially owing to the clew which 
•a commumty of -descent afibrds in treading that mysterious 
labyrinth in which the connection of physical powers and in- 
teUectual forces ma^lfeste itself in a thousand difierent forms. 
The brilliant progress made within the last half century^ in 
GrermaQy, in philosophical phiblqgy, has greatly faciHtated 
oar invesitigations into the n(Ui9nal character* of lau^ages 
and the influence eaceroised by descent. But here, as in ^ 
domains of ideal sipeculation, the dangers of deception are 
closdiy linked to the riqh inBd certain profit to be derived. 

Positive ethnographical studies, based on a thorough l^nowl- 
edge of history, teacb ^s that much caution shcmld be applied 
in entering into these corgpaj^sonB of naticms, and of the lan- 
guages employed by them at certain epochs. Subjection* 
long association, the influence of a foreign religion, the blend- 
ing of races, even when only including a small ntunber of the 
more influential and cultivated of the immigrating tribes, 
have produced, in both continents, similarly recurring phenom- 
ena ; as, ibi instance, in intiroducmg totaUy diflerent fam^es 
of languages among one and the same race, and idioms, having 
one common root, amcmg nations of the most di^rent origin. 
Great Asiatic conquerors have exercised the most powerful 
influence on phenomena of this kind. 

But language is a part and parcel of the histoiy of the de- 
velopment of mind ; and, however happily the human intel- 
lect, under the most dissimilar i^ysical conditions, may unfet- 
tered pursue a self-ohosen track, and strive to free itself from 
the dominion of terrestrial influences, this emancipation is 
never perfect. There ever renuiins, in the n&tural capacities 
of the mind, a trace of something that has been derived £rom 
the influences of race or of cUmate, whether they bcassociated 
with a land gladd^ed by cloudless ^azure skies, or with the 
vapory atmo^here of an insular region. As, therefore, rich- 
ness and.graoe of language are un&lded from the most luxu- 

the Torgodi and DmmQm (Mongohans), the same habits of nomadie 
life, and the 8ame use of felt tents, carried on wagons and pitched 
among herds of cattle. 

* Wilhelm von Hnmboldt, Ueier e^e Versckiedenheit der memcklichm 
Spraekbaues, in his great work Ueber die KawiSpraehe auf der Jbuel 
Java, bd. i, s. xxi., xlviii., and ccxiv. 
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ziant depths of thought, we have been onwillmg wholly to 
[ the bond which so closely links together tiie phyucal 
world with the sphere of intellect and of the feelings by de- 
priving this general picture of nature of those brighter lights 
and tints which may be borrowed from considerations, however 
slightly indicated, of the relations existing between races and 
languages. 

While we maintain the unity of the human species, we at ^ 
the same time repel the depressing assumption of superior 
and inferior races of men.* There are nations more sus- 
ceptible of cultivation, more highly civilized, more ennobled 
by mental cultivation than others, but none in themselves no- 
bler than others. AU are in like degree designed for freedom ; 
a freedom which, in the ruder conditions of society, belongs 
only to the individual, but which, in social states enjoying po- 
litical institutions, appertains as a right to the whole boidy 
of the community. " If we would indicate an idea which, 
throughout the whole course of history, has ever more and 
more widely extended its empire, or which, more than any 
other, testifies to the much-contested and still more decidedly 
misunderstood perfectibility of the whole human race, it is 
that of estabhshing our common humanity — of striving to re- 
move the barriers which prejudice and hmited views of every 
kind have erected among men, and to treat all mankind, with- 
out reference to religion, nation, or color, as one fraternity, one 
great 'community, fitted for the attainment of one object, the 
unrestrained development of the physical powers. This is the 
ultimate and highest aim of society, identical with the direc- 
tion implanted by nature in the mind of man toward the in- 
definite extension of his existence. He regards the earth in 
all its limits, and the heavens as far as his eye can scan their 
bright and starry depths, as inwardly his own, given to him 
as the objects of his contemplation, and as a fieM for the de-^ 
velopment of his energies. Even the child longs to pass the 
hills or the seas which inclose his narrow home ; yet, whm 
his eager steps have borne him beyond those limits, he pines, 
like the plant, for his native soil ; and it is by this touching 
and beautiful attribute of man — ^this longing for that which 
is unknown, and this fond remembrance of that which is lost 
— ^that he is spared fiK)m an exclusive attachment to the pres- 

* The very cheerless, and, in recent times, too often discussed doc- 
trine of the unequal rights of men to freedom, and of slavery as an in- 
sttttttion in conformity* with nature, is unhappily found most systematio- 
ally developed in Aristotle's PolUica, i., 3, 5, 0. 
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ent. Thus deeply rooted in the innermost nature of man, and 
even enjoined upon him by his highest tendencies, the recog- 
nition of the bond of humanity becomes one of the noblest 
leading principles in the history of mankind."* 

With these words, which draw their charm from the depths 
of feeling, let a brother be permitted to close this general de- 
scription of the natural phenomena of the universe. From the 
remotest nebulee and from the revolving double stars, we have 
descended to the minutest organisms of animal creation, wheth- 
er manifested in the depths of ocean or on the surface of our 
globe, and to the delicate vegetable germs which clothe the 
naked declivity of the ice-crowned mountain summit ; and 
here we have been able to arrange these phenomena accord- 
ing to partially known laws ; but other laws of a more mys* 
terious nature rule the higher spheres of the organic world, in 
which is comprised th.e human species in all its varied con- 
formation, its creative intellectual power, and the languages 
to which it has given existence. A physical delineation of 
nature terminates at the point where the sphere of intellect 
begins, and a new world of mind is opened to our view. It 
marks the limit, but does not pass it. 

* Wilhelm von Hamboldt, Ueher die Kawi^praehe, bd. iii., s. 426. 
I subjoin the foUowins extmct irom this work : ** The impetaons con- 
qaestg of Alexander, tne more politic and premeditated extension of 
territory made by tne Romans, the wild and cruel incursions of the 
Mexicans, and the despotic acquisitions of the incas, have in both hemi- 
spheres contributed to put an end to the separate existence of many 
tribes as independent nations, and tended at tbe same time to establish 
more extended iatemational amalgamation. Men of great and strong 
minds, as well as whole nations, acted under the influence of one idea, 
the purity of which was, however, utterly unknown to them. It was 
Christianity which first promulgated the truth of its exalted charity, 
although the seed sown yielded but a slow and scanty harvest. Before 
the religion of Christ manifested its form, its existence was only re- 
vealed b^ a faint foreshadowing presentiment. In recent times, the 
idea of civilization has acquired additional intensity, and has given rise 
to a desire of extending more widely the relations of national inter- 
course and of intellectual cultivation ; even selfishness begins to learn 
that by such a course its interests will be better served than by violent 
and forced isolation. • Language, more than any other attribute of man- 
kind, binds together the whole human race. By its idiomatic proper- 
ties it certainl}r seems to separate nations, but the reciprocal under- 
standing of foreign lan^ages connects men together, on the other hand, 
without injuring individusA national characteristics." 
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ADDITIONAL NOTES 

TO TBX PRKSXNT XBITI05. MAAGH, 1849. 



Gigantic Biros or New Zxaland. — Vol. i., p. 287. 

An eztonsive and highly intereBtrng collection of bones, referrible to 
Beveral species of the Moa ( Dittomis of Owen), and to three or foor other 
genera of birds, formed by Mr. Walter Mantell, of Wellington, New Zea- 
land, has rec0n% arrived in England, and is now deposited in the Brit- 
ish Masemn. This series consists of between 700 and 800 specimens, 
belonging to different parts 6f the ^celetons of many individuals of 
various txM and ages. Some of the largest vertebrs, tibiae, and fem- 
ora equal in magnitade the most gigantte previously known, while oth- 
ers are not larger than the corresponding bones of the living apteryx. 
Among these relics are the tkvlU and mandiblei of two genera, the Di- 
momu and Palaptetjx ; and of an extinct genus, Notomitf allied to the 
Rallida ; and the mandibles of a species of Nuior, a genus of nocturn- 
al owUike parrots, of which only two living species are knotvn.* 

These osseous remains are in a very different stato of preservation 
from any previously received from New Zealand ; they are light and 
j^ous, and of a light &wn-color ; the most delicate processes are en- 
tire, and the articulating surfaces smooth and uninjured ; fragmentt of 
egg'shelU, and evem the bony rkigs of the tradiea and air tuhet, are pre- 

MtTVUkt 

The bones were dug up by Mr. Walter Mantell from a bed of marly 
sand, containing ma^etic iron, crystals of hombloide and augite, and 
the detritus of augitic rocks and earthy volcanic tuff. This sand had 
filled np all the cavities and caneelli, but was in no instance consoli- 
dated or aggregated together; it was, therefore, easily removed by a 
soft brush, and the bones perfectly cleared vnthont injury. 

The spot whence these predoos relics of the colossal birds that once 
inhabited the islands of New Zealand were obtained, is a flat tract of 
land, near the embouchure of a riv«r, named Wdngongoro, not fiir from 
Wanganai, which has its rise in the volcanic regions of Mount Egmont. 
The natives affirm that this level tract was one of the places first dwelt 
upon by their remote ancestors ; and this tradition is corroborated by 
the existence of numerous heaps and pits of ashes and charred bones, 
indicating ancient fures, long burning on the same spot In these fire- 
heaps Mr. Mantell found burned bones of m«ii, mooMf and dogs. 

The fragments of egg-shells, imbedded in the ossiferous deposits, had 
escaped iSe notice of all previous naturalists. They are, unfoitnnately, 
very small portions, tiie largest being only four inches long, but they 
afford a chord by which to estimate the size of the originaL Mr. Man- 
toll observes that the egg of the Moa must have been so large that a 
hat would form a good egg-cup for it. These relics evidently belong 
to two or more species, perhaps genera. In some examples the ex- 

* See Professor Owen's Memoir on tiiese fossil ramains. In Zoofagieai Tranmo- 

Vol. 1.— Q 
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temal Borface is smootb } in others it is marked with short intercepted 
linear grooves, resembling the eggs of some of the Struthionide, but 
distinct from all known recent types. In this yalnable collection only 
one bone of a mammal has been detected, namely, the femur of a dog. 
An interesting memoir on the probable geok)gical position and age 
of the ornithic bone deposits of New Zealand, by Vr. ManteQ, based 
on the observations of his enterprising son, is published in the Qoarter- 
ly Joomal of the Geological Socicrty of London ( 1848). It appears that 
in many instances the bones are imbedded in sand and clay, which lie 
beneam a thick deposit of volcanic detritus, and rest on an argillaceoua 
stratum abounding m marine shells. The specimens found in the rivers 
and streams have been washed out of their CMmks by the currents which 
now flow throuffh channeb from ten to thirty feet deep, formed in the 
more ancient allavial boU. Dr. Mantell concludes that the islands of 
New Zeidand were densely peopled at a period geologically recent, 
though historically remote, by tribes of sigantic brevi-pennate birds 
allied to the ostrich tribe, all, or almost all, of species and .genera now 
eltinct ; and that, subsequently to the formation of the most ancient 
ornithic deposit, the seapcoast faias been elevated from fifty to one hund- 
red feet above its original level; hence the terraces ch shingle and 
loam which now skirt the maritime districts. The existing -rivers and 
mountain torrents flow in deep ^leys which they have eroded in the 
course of centuries in these pleistocene strata, in like manner as the 
river courses of Auvergne, in Central France, are excavated in the 
mammiferous tertiary deposits of that country. The last of the gigantic 
birds were probably exterminated, like the dodo, by human agency: 
some small species allied to the apteryac may possibly be met with in 
the uneiqplored parts of the middle island. 

Tbi Dodo.— -A most valuable and hig^y interesthi^ history of the 
dodo and its kindred* has recently appeared, in which the history^ 
affinities, and osteology of the jyodo, SolitMre, and other extinct birds 
of the islands Mauritius, Bodnguez, and BonrlxHi are admirably elaci* 
dated by H. G. Strickland (of^OxfoidX and Dr. G. A. Melville. The 
historical part is by the former, the-osteological and pl^siological por- 
tion by the latter eminent anatomist. We would earnestly recommend 
the reader interested in the most perfect history that has ever appear- 
ed, of the extinction of a race of large animals, of which thousands ex- 
isted but three centuries ago, to refer to the original work. We have 
only space enough to state &at the authors have proved, upon the most 
incontrovertible evidence, that the dodo was neither a vnltnre, ostrich, 
nor galline, as previous anatomists supposed, but a frugwermu pigeon, 

* Tk» Vodo and iu Kindrtd. By ICessn. StricUand and MelvUle. 1 toL ito^ 
wtth numerous plates. Reeves, London, 1848. 
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Abich, Hermann, stractural relations of 

volcanic rocks, 234. 
Acosta, Joeepb de, Historia Natural de laa 

Indias, 66, 193. 
Adams, hir^ planet Neptune. See note 

by Translator, 90, 91. 
JEgos Potamos, on the aSrolite of, 117, 

JSlian on Mount JEtna, 227. 

Airolites (shooting stars, meteors, mete- 
oric stones, fire-balls, &c.), general de- 
scription of, 111-137 ; physical charac- 
ter, 11^123; dates of remarkable fiills, 
11<^ 115 ; their planetary velocity, 116- 
120 ; ideas of the ancients on, 115, 116 ; 
November and August periodic falls of 
shooting stars, 118-120, 124-126; tbeir 
direction from one point in the heav- 
ens, 120 ; altitude, 120 ; orbit, 127 ; Chi- 
nese notices of, 128 ; media of comnra- 
nication with other planetary bodies, 
136 ; their essential difference from 
comets, 137 ; specific weights, 116, 117 ; 
large meteoric stones on record, 117 ; 
chemical elements, 117, 129-131 ; crus^ 
129, 130; deaths occasioned by, 135. 

JEschylus, " Prometheus Delivered," 115. 

jflBtna, Mount, its elevation, 28, 229 ; sup- 
posed extinction bv t^e ancients, 227 ; 
Its eruj^tions from lateral fissure^ 229 ; 
similarity of its zones of vegetation to 
those of Ararat, 347. 

Agassiz, Researches on Fossil Fishes, 46, 
273-277. 

Alexander, influence of his campaigns on 
physical science, 353. 

Alps, the, elevation of, 28, 29. 

Amber, researches on its vegetable origin, 
284 : GSppert on the amber-tree of tlie 
ancient world (Pinites succifer), 283. 

Ampdre, Andr6 Marie, 58, 193, 236. 

Anaxagoras on afirolites, 122 ; on tlie sur- 
rounding ether, 134. 

Andes, the, their altitude, &c. See Cor- 
dilleras. 

Anghiera, Peter Martyr de, remarked that 
the pahueta and pmeta were found as- 
sociated together, 282, 283 ; first recog- 
nized (1510) that the limit of perpetual 
snow contmues to ascend m we ap- 
proach the equator, 329. 

Animal life, its universality, 342-345 ; as 
viewed with microscopic powers of vis- 
ion, 341-346 ; rapid propagation and te- 
nacity of life in animalcules, 344-346; 
geography of, 341-346. 

Anning, Miss Mary, discovery of the ink 
bag of the sepia, and of coprolites of 



fish, in the lias of Lyme Eegis, Sr7i» 
272. 

Ansted's, D. T., "Ancient World." See 
notes by TransUtor, 271, 272, 274, 281, 
287. 

Apian, Peter, on comets, 101. 

ApoUoniiis Myndius, described the paths 
of comets, 103. 

Arago, his ocular micrometer, 39 ; chro- 
matic polarization, 52 ; optical consid- 
erations, 85 ; on comets, 99-106 ; jpolar- 
ization experiments on the light of con> 
eta, 105 ; aSroUtes, 114 ; on the Novem- 
ber fall of meteors, 124 ; zodiacal light, 
143 ; motion of the solar system, 146, 
147 ; on the increase of heat at increas- 
ing depths, 173, 174 ; magnetism of ro- 
tation, 179, 180 ; horary observationa of 
declination at Paris compared with si- 
multaneous perturbations at Kasan, 
191 ; discovery of the influence of mag- 
netic storms on the course of the nee- 
dle, 194, 195 ; on south polar bands, 198; 
On terrestrial light, 202; phenomenon 
of supplementary rainbows, 220; ob- 
served the deepest Artesian wells to be 
the warmest, 223 ; exi)lanation of the 
absence of a refrigeration of tempora- 
tore in the lower strata of the Mediter- 
ranean, 303 ; observations on the mean 
annual quantity of rain in Paris, 333 ; 
his investigations on the evolution of 
lightning, m 

Ars^ander on the comet of 1811, 109 ; on 
the motion of the solar system, 146, 149 ; 
on the light of the Aurora, 195, 196. 

Aristarchus of Samoa, the pioneer of the 
Copernican system, 65< 

Aristotle, 65 ; his definition of Cosmos, 69; 
use of the term history, 75 ; on comets, 
103, 104 ; on the Ligyan field of stones, 
115 ; aerolites, ISSi ; on the stone of ^gos 
Potamos, 135 ; aware that noises some- 
times existed wi&out earthquakes, 2CK9 ; 
his account of the upheavals of islands 
of eruption, 241^ "spontaneous mo- 
tion," 341 ; noticed the redness assum- 
ed by lone-fallen snow, 344. 

Artesian w^Is, temperature of, 174, 223. 

Astronomy, results o( 3&-40 ; phenomepft. 
of physical astronomy, 43, 44. 

Atmosphere, the, general description of, 
311, 316 ; its composition ana admix- 
ture, 312; variation of pressure, 313- 
317 ; climatic distribution of heat, 313, 
317-^2$ ; distribution of humidity, ^13, 
326, 334; electric condition, 314, 335- 
338. 
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Auguitme, St, his views on spontaneoos 

feneration, 345. 346. 
4nn>n Boreidis, general defleription ot, 

19a.20e; origin and course, 1»5» 196; 

altitude, 199 ; brilliancy coincident with 

the fan of shooting stan, 128, 197; 

whether attended with eradding sound; 

199, 900 ; intensity of its light, §01. 

Bacon, Lord, S9, SB ; NoTUm Organon, 
S90. 

Baer, Von, 337. 

Barometer, the, increase of its height, at- 
tended by a depression of the level of 
the sea, S98; horary oscillations o^ 314, 
315. 

Batten, Ifr., letter, on the snow-line of the 
two sides of the Himalayas, 331, 332. 

Beaufort Capt, observed the emissions 
of inflammable gas, on the Caramanian 
coast, as described by Pliny, 223. See, 
also, note br Translator, 223. 

Beaumont, EBe de, on the uplifting of 
mooBtain chains, 51, 300 ; influence of 
the rocks of melaphyre and serpentine, 
in the southern (fecuvfdes of tne Alps, 
on pendulum experiments, 167; con- 
jectures on the quartz strata of the Col 
de la Poissonidre, 266. 

Beccaria, observation of steady luminous 
i^pearance in the clouds, 202 ; of light- 
ning clouds, unaccompanied by thun- 
der or indications of storm, 337. 

Beecbey, Capt, 97; observations on the 
temperature and dendt^ of the water 
of me ocean under diflterent zones of 
longitude and latitude, 306. 

Bembo, Cardinal, his observations on the 
eruptions of Mount JCtna, 229 ; tbeo^^ 
of the necessity of the prozimi^ of vol- 
canoes to the sea, 243 ; vegetatioa on 
the declivity of iBtna. 347. 

B6rard, Capt, shooting star^ 119. 

Bertou, Count, his barometrical 
mento of the Dead Sea, 296. 

Berzelius on the chemical elaneots of 
aSroUtes, 130, 131. 

Benzenberg on meteors and shooting 
stars, 119, 120 ; theh: periocUe return in 
Ausust 12S> 

Beastt's theonr on the osdllatlana of the 
pendulum, 44 ; pendulum experiments, 
64 ; on the parallax of 61 Cygni,86; on 
Halley's comet 102, 103, 104 ; on the as- 
cent of shooting stars, 183 ; on their par- 
tial visibiUty, 128; velocity of the sun's 
translatory motion, 145 ; masa of the 
star 61 Cvgnl, 148 ; parallaxes and dis- 
tances of nxed stars, 153 ; comparisca 
of measurements of degrees, Ifii^ 166. 

Blot on the phenomenon of twiUght, 116 ; 
on the zoidiacal light 141 ; pebdnhua 
experiments at Bordeaux, 170. 

Biot Edward, Chinese observations of 
comets, 101, 100; of a«rolites, 128. 

Bischof on the interior heat of the globe, 
217, 219, 235, 244, 294. 

Blumenbach, his classification of the races 
of men, 356. 



BSckh, origin of the ancient myth of the 

Nemean lunar lion, 134, 135. 
Bcwuslawski, fidls of shooting stars, llf , 

Bonpland, M., and Humboldt on the pe- 
lagic Aells found on the ridge of the 
Andes^49. 

Bopp, derindtai of the word Cotmoa, 
70. 

Booaaingaol^ on the depth at which is 
found die mean annual tenqwnitare 
within the tropics, 175; on the volca- 
noes of New Gnmada, 217 ; on the tern- 
nerature of the earth in the tropics, 220. 
221 ; temperature of the thermal sprmga 
of Laa Trinche^ras, 222; his investiga- 
tions on the chemical andrsls of the a^ 
mosphere, 311, 312 ; on the mean an- 
nualqnantity of rain in different parts 
of South America, 333, 334. 

Bouvard, M., 105 ; his obaervations on that 
portion of the horary oscillations of the 
pressure of the atmosphere, which de- 
pends on the attraction of the moon, 
3ia 

Bramidos y troenoa of Guanaxuato^ 209, 
210. 

Brandea, tails of sbooUnff stars, 114, 116 ; 
height and velocity of shoottag stars, 
120; their periodic fiUls. 125, 126. 

Bravais, en tbe Aurora, 20rL ; <m the dafly 
oscillations of the barometer in 70^ 
north latitude, 314 ; distribution of the 
ouantity of ndn in Central Europe, 334 ; 
doubts on the greater dryness of mount- 
ain air, 334. 

Brewster, Sir David, first detected flie 
connection between the curvature of 
magnetic lines and my isottiennal linear 
193. 

Brongniart, Adolphe, luxuriance of the 

Srimitive vegetable world, 218; fossil 
ora contidned in coal measures, 280. 

BroncDtart Alexander,, formation of rib- 
boa Jasper, 259 ; one of the founders of 
the azchaMtlocr of oi^ganic life, 273. 

Brown, Robert nrst discoverer of molec- 
ular motion, 3il. 

Buch'a, Leopold voo, theoty on the eleva- 
tion of continents and mountain chains, 
45; on the craters and circular fonn 
of the island of Pahna, 226 ; on volca- 
noes^ 234, 238, 242, 243, 247 ; on mata* 
morphic rocks, 249-252, 260, 263, 264; 
on the origin of varioue conglomerafcea 
and rocks of detritus, 269 ; classification 
of ammonites, 276, 277 ; physical causea 
of the elevation, of continents, 295 ; on 
the changes hx height of the Swedish 



BocUand, 272; on the foaaU flora, of the 
coal measures, 279. 

BnffoB, his views on the seogrqphical dis- 
tribution, of animals, 348. 

Burckh%Edt oa the volcano of Medini^ 
246; on the homitos de Jomllo, see 
note by Translator, 230. 

Bumea, Sir Alexander, on the puil^ of 
the atmosphere in Bokhara, 114 ; prop> 
agation of shocks of earthquakes, S15L 
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CaiUe, La, p^KLnlmi mefmumnmtB at 
the Cape of Good Hope^ lfl9. 

Caldas, quantity of rain at Santa F6 de 
Bogota, 334. 

Caraargo's MS. Hiatoritk de Tlateala, 14a 

Capocd, his obeervatioBa on peijodic falls 
of aerolites, 196. 

Carliai, eeodeaic enerinadnti in Loobar- 
dy, iS; Mount Cenia, 170. 

Carrara marble, 968, 963. 

Carna, hia definition of *• Nttnre,* 41. 

Caspian Sea, its periodic rise and fiJl, 297. 

Caaaini, Domlnicua, on tbe zodiacal light, 
139, 140; hypotheaia on, 141; hia dia- 
coyeiy of the aptaeroidid form of Jupi- 
ter, 1€4. 

Cautley, Capt, and Dr. Falconer, diacov- 
ery of gigantic fioeaila in the Himalayaa, 
S78. See,a]ao,BotebyTranalator,S78. 

Cavanilles, first entertamed the idea of 
aeein^ craas grow, 149. 

Cavendish, use of the torsion balance to 
determine the mean denaily of the 
Earth, 170. 

Challis, Profeasor, on the Aurora. March 
19 and Oct 94th, 1847, see note by 
Translator, 195, 199. 

Chardin, noticed in Persia llie famous 
comet of 1668, called "nyBek." or "pe- 
tite lance," 139. 

Charpentier, M., belemnitea foimd in the 
primitiTe limestone of the Col de la 
Seigne, 961 ; glaciers, 339. 

Chemistry as distinguiidied from physics, 
62 ; chemical affinity, 63. 

Chevandier, ralculations on the carbon 
contained in the trees of the forests of 
our temperate zones, 281. 

Childrey first deacribed the zodiacal light 
in his Britannia Baconica, 138. 

Chinese accounts of comets, 99, 100, 101 ; 
shootinff 8tar8kl88 ; '*fire sprlnss," 158 ; 
Imowledge of the magnetic needle, 180 ; 
electro-magnetism, 188, 189. 

Chladni on meteoric stooes, fte., 118, 
135 ; on the selenic origin of aSroIites, 
121 ; on the supposed j^enommion c^ 
ascending shooting stars, t9S ; on the ob> 
scuration of the Sun's disk, 133 ; sound- 
figures, 135; pulsationa in the taila of 
comets, 143. 

Choiseul, his chart of Lemnos, 246. 

Chromatic polarization. See Polarization. 

Cirro-cumulus cloud. See Clouds. 

Cirrous strata. See Clouda. 

Clark, his eiqwriments on the TariatioBs 
of atmospheric electricity, 335, 336. 

Clarke, J. 6., of Main9» U. S., on the comet 
of 1843, 100. 

CHmatic distribution of heat, 313, 317- 
328 ; of humidity, 328, 333, 334. ' 

Climatology, 317-^29; olimMe, general 
sense or317, 318. 

Clouds, their electric tension, color, and 
height, 336, 337; connection of cirrous 
strata with the Aurora Borealia, 196; 
cirro-cumulus cloud, phenomena of, 
197 ; luminous, 903 ; Dore on their for- 
mation and appearance, 315, 316 ; often 
present on a bright summer sky the 



"projected imagb" of the toll below, 
316; volcanic, ^. 

Coal formationa, anciefit rentable re- 
mains in, 280, 281. 

Coal mines, d^ths of. 158-160. 

Colebrooke on the snow-tine of the two 
sides of tiie iBmalayas, 31. 

GoUadon, electro-magnetic apparatas, 335. 

Columbus, his raitark that "tbo Earth is 
smafl and narrow," 164 ; found the com- 
pass showed no variatifm in the Azores, 
181, 182 ; of lava streams, 245 ; noticed 
ccmifisra and palms gro whig together in 
Cuba, 982 ; remarios in his journal on 
the equatorial correnV 307 ; of the Sar* 
gasso Sea, 306 ; his dream, 310, 311. 

Comets, ffeneral deaeription ot 9^-112; 
Biela's, 43, 86, 107, 108 ; Blaupain'a, 166 ; 
Clausen's, 106 ; Encke's, 43, 64, 8& 106- 
108 ; Payees, 107, 106 ; Halley's, 43, 100, 
102-109; Lexell's and Bnrekhardfs, 
106, 110; Messier's, 108; Olbers's, 109; 
Pons's, 109 ; famous one of 1668, seen 
in Persia, called "nyzeV or "petite 
lance," 189 ; comet of 1843, 101; their 
nucleus and taiL 87, 100; small mass, 
100; diversity of form, 100-103; lights 
104-106 ; velocity, 109 ; comets of short 
period, 107-109 ; long period, 109, 110 ; 
number, 99; Chinese observations on, 
99-101 ; value of a knowledge of their 
orbits, 43 ; possibUity of collision of Bi- 
ela's and Encke's comets, 107, 106 ; hy- 
pQthesis of a resisting medium conjec- 
tured from the diminishing period of 
the revolution of Encke's comet, 106; 
apprehensions of thehr collision with 
the Earth, 108, 110. Ill ; their popular 
supposed influence on the vintase, 111. 

Compass, early use of by the Cninese, 
180 ; permanency in the Weet Indiea, 
181. 

Condamine, La, inscription on a marble 
tablet at the Jesuit's College, Quito, on 
the use of the pendulum as a measure 
of seconds, 166, 167. 

Cond4, notice of a heavy shower of shott- 
ing stars, Oct, 902, 119. 

C<MralxBuf and Dekrois, geodetic opera- 
tions, 304. 

Cordilleras, scenery of, 96^ 29, 33; vege- 
tation, 34, 35; intensity of the zodiacal 
light, 137. 

Cosmography, physical, its object and ul- 
timate aims. 57-60; materials, 60. 

Cosmos, the author's object, 38, 78 ; prim- 
itive rignification and precise definition 
of the word, 69; how ensployed by 
Greek and Roman writers, w, 60; der- 
ivation, 70. 

Craters. See Volcanoes. 

Curtius, Professor, his notes on the tem- 
perature of various springs in Greece, 
222,223. 

Cuvier, one of the founders of tiie archi» 
ology of organic lifb, 273 ; diacovery ci 
fosril crocodiles in the tertiary formar 
tion, 274. 

DalnMchoa «n the phenomena a t te n d in g 
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fhe fall of the stone of JBgoc PotonuM, 
133,134. 

Dalmaa on the •adstence of Chionosa ara> 
Decides in polar snow, 344. 

Dalton, observed the southern lights in 
England. 19& 

Dante, quotation from, 322. 

Parwin, Charles, fossil vegetation in the 
travertine of Van Diemen's Land, 294 ; 
central volcanoes regarded as volcanic 
chains of snuJl extent on parallel As- 
sures, 238; instructive materialB in the 
temperate zones of ttke southern hem- 
isphere for the study of the present and 
past geography of plants, 282, 283 ; on 
the fiord formation at the southeast end 
of America, 293 ; on the elevation and 
depression of the bottom of the South 
Sea, 297; rich luxuriance of animal life 
in the ocean, 309, 310 ; on the volcano 
of Aconcagua, 330. 

Paubeney on volcanoes. See Transla- 
tor's notes, 161, 203, 204. 210, 218, 224, 
828, 230, 233, 234, 235, 236, 244, 245. 

Daussy, hijs barometric experiments, 296 ; 
observations on the velocity of the equa- 
torial current, 307. 

Davy, Sir Humphrey, hypothesis on ac^ 
ive volcanic phenomena, 235; on the 
low temperature of water on shoals, 309. 

Dead Sea, its depression below the level 
of the Mediterranean, 296, 297. 

Dechen, Von, on the depth d the coal' 
basin of Liege, 160. 

Delcrois. See Corabosuf. 

Descartes, his fragments of a contempla- 
ted work, entiued "Monde," 68 ; on 
comets, 139. 

Deshayes and Lyell, their investagations 
on me numerical relations of extinct 
and existing organic life, 275. 

Dicearchua, lus "parallel of the dia- 
phram," 289. 

Diogenes Laertius, on the afirollte of 
^gos Potamos, 116, 122, 134. 

D'Orbigny, fossil remains from the Hima- 
laya and the Indian pUons of Cutch, 277. 

Dove on the similar action of the declhiar 
tion.needle to the atmospheric electrom- 
eter, 194 ; " law of rotation," 315 ; on the 
formation and appearance of clouds, 
316 ; on the dinerence between Ike 
true temperature of the surface of the 
ground and the indications of a ther- 
mometer suspended in the diade, 325 ; 
hygrometric vnndrose, 333. 

Doydre, his beautiful experiments on the 
tenacity of life in animalcules, 345. 

Drake, shaking of the earth for successive 
days in the United States (1811-12), 211. 

Dufr6noy et Elie de Beaumont, G6ologie 

: de la France, 253, 258, 259. 26a 262; 266f. 

Dumas, results of his chemical analysis 
of the atmosphere, 311. 

Dunlop on the comet of 1825, 103. 

Duperrey on the configuration of the mag- 
netic equator, 183; pendulum oscilla- 
tions, 166. 

puprez, influence of trees on the intenai- 
ty of electricity in the atmospherot 335. 



E«ndi, Vaisalli, electric perturbsHon dur- 
ing the protracted eartiiqnake of Pigne- 

Earth, survey of its qrust, 72 ; relative 
magnitude, &c., in the solar systerta, 
95-97 ; general description of terrestri- 
al phenomena, 154-369; geogrfiphical 
distribution, 161, 16$r; its mean density, 
169-172 ; internal heat and temperature, 
172-176; electrormagnetic activity, 177- 
193 ; conjectures on its early hig^ tem- 
perature, 172 ; interior increase of heat 
with increasing depth, 161 ; greatest 
depths reached by human labor, 157- 
159 ; methods employed to investigate 
the curvature of its surface, 165-168 ; 
reaction of the interior on tiie external 
cruat, 161, 202-247 ; general deUneation 
ofits reaction, 204-206; fimtastic views 
on its interior, 171. 

Earthquakes, general account o^ 204-218 ; 
their manifestations, 204-806; of Rio- 
bamba, 204, 206, 208, 213, 214 ; Lisbon, 
2ia 211, 213, 214 ; Calabria, 206 ; their 
propagation, 204, 212, 213; waves ot 
commotion, 205, 206, 212; action on 
gaseous and aqueous springs, 210, 22^ 
224 ; salses and mud volcanoes, '22<4- 
228 ; erroneous popular belief on, W6- 
208 ; noise accompanying earthquakes, 
208-210; thdr vast destruction of life^ 
210,211; volcanic force, 214, 216; deep 
and peculiar impression produced on 
men and animals, 215, 216. 

Ehrenberg, his discovery of infusoria in 
the polishing slate of Bilin, 150 ; infuso- 
rial deposits, 255^ 262 ; brilliant discov- 
ery of microscopic life in the ocean and 
in the ice of the polar regions, 342 ; rap- 
id propagation of animalcules and their 
tenacity of life, 343-345 ; transforma- 
tion of chalk, 262. . 

Electrici^, magnetic, 188-202; conjec- 
tured electric currents, 189, 190; elec- 
tric storms, pl94 ; atmospheric, 335- 

' 337. 

Elevations, comparative, of mountains in 
the two hemi8pheres,<28, 29. 

Encke, 106 ; his computation that the 
showers of meteors, in 1833, proceeded 
from the same point of space in the di- 
rection in which the Earth was moving 
at the time, 119, 120. 

EnniuB, 71. 

Epicharmus, writings o^ 7L 

Equator, advanteges of tiie countries hor- 
derin^ on, 33, 34 ; their organic richness 
and fertiiit7> 34, 35 ; magnetic equator, 
183-185. 

Erman, Adolph, on the three cold days 
of May ai&-13th), 133; Imes of decli- 
nation in Northern Asia, 182 ; in the 
southern parts of the Atiantic, 187 ; 
observations during the earthquake at 
Irkutsk, on the non-disturbance of tiie 
horary changes of the magnetic needle, 
207. 

Eruptions and exhalations (volcanic), la- 
va, gaseous and liquid fluids, hot mud, 
mud mofettes, &c., 161, 210-270 
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EtfaBograpbical stadies, their importanco 

and teaching, 357, 358. 
Euripides, his Phafiton, 122. 

Falconer, Dr., fossil researches in the 
Himalayas, 278. 

Faraday, radiating hea^ electro-magnet* 
ism, &c., 49, 179, 188; brilliant discov- 
ery of the evolution of light by mag- 
netic forces, 193. 

Farquharson on the connectioB of cirrous 
clouds with the Aurora, 197^ its alti- 
tude, 199. 

Fedorow, his pendulum experiments, 168. 

Feldt on the ascent of shootins stsrs, 123. 

Ferdinandea, igneous island of, 248. 

Floras, geographicaIJ|stribution of, 350. 

Forbes, Professor e!; reference to bis 
Travels in Lycia, 223 ; account of the 
island of Sastoriao, 241, 242. 

Forbes, Professor J., bis Improved seis- 
mometer, 205; on the correspondence 
existing between the distribution of ex- 
isting floras in the British Islands, 346, 
349; on the origin and diffusion of the 
British flora, 353, 354. 

Forster, George, remarked the climatic 
difference of temperature of the east- 
era and western coasts of both conti- 
nents, 321. 

Forster, Dr. Thomas, monkish notice of 
''Meteorodes,*' 123. 

Fossil remains of tropical plants and an- 
imals found in northern regions, 4^ 
270-284 ; of extinct vegetation ia the 
travertine of Van Diemea's Land, 224; 
fossil human remains, 25a 

Foster, Reinhold, pyramidal configura- 
tion of the soutiiern extremities of con- 
tinents, 290, 291. 

Fourier, temperature of oiu: planetary 
system, 155, 172, 176. 

Fracastoro on the direction of the tails of 
comets from the sua, 101. 

FrsBhn, fall of stars, 119. 

Franklin, Benjamin, existence of sand- 
banks indicated by the coldness of the 
water over them, 308. 

Franklin, Capt., on the Aurora, 197, 199, 
200, 201 ; rarity of electric explosions 
in high northern regions, 337. 

Freycinet, pendulum oscillations, 166. 

Fusinleri on mete(Mic masses, 123. 



Qameo, 104, 167. 

Galle, Dr., 91. 

Galvani, Aloysio, acctdental discovery of 
galvanism, 52. 

Gkiseous emanations, fluids, mud, and 
molten earth, 217-220. 

Gaeparia. distribution of the quantity of 
ruin in Central Europe, 333. 

Gauss, Friedrich, on terrestrial magnet- 
ism, 179 ; bis erection, in 1832, of a mag- 
netic observatory en a new principle, 
191, 192. 

Gay-Lussac, 304, 233, 234, 266, 267, 311, 
niS, 334, 336. 

Goosrnostic or geological description of 
the earth's surface, 20^286. 



Oeognoiy (the study of the textmres and 
position of the earth's surface), its prog- 
ress, 208. 

Geography, physical, 288-^11; of animal 
1^ 341-346 ; of phmts, 346-351. 

Geographies, Hitter's (Carl), *'Geograpl^ 
in relation to' Nature and the History 
of Man," 48, 67; Varenius (Bemhard), 
General and Comparative Geogra|rihyv 
66, 67. 

Gerard, Capti. A. G. and J..G., on tiia 
snow-line and vegetation of the Hirna* 
layas, 31, 32, 331, 332. 

German scientific workB, their defects^ 
47. 

Geyser, intermittent fountains of, 222. 

Gieseke on tiie Aurora, 200. 

Gilbert, Sur Humphrey, Gulf Stream, 307. 

Gilbert, Wilham, of Colchester, terres- 
trial magnetism, 158, 159, 177, 179,^82. 

Gillies, Dr., on the snow-line of South 
America, 330, 331. 

Gioja, crater of, 96. 

Girard, composition and texture of ba> 
salt. 253. 

Glaisho:, James, on the Aurora BoreaSia 
of Oct 24, 1847. See Translatox's notes, 
194,200. 

Gold^iss, Professor, examination of fossil 
specimens of the flyins saurians, 274. 

Gfippert on the conversion of a fragment 
otamber-tree into black coal, 281 ; cy- 
cadesB, 283; on the amber-tree of the 
Baltic 283, 284. 

Gotiie, 41, 47, 53. 

Greek philosophers, their use of the term 
Cosmos, 69, 70 ; hypotiiesee on aero- 
lites, 122, 123, 134. 

Grimm, Jacob, graceful mibolism at- 
tached to fEdling stars in the Lithuanian 
mythology, 112, 113. 

Guli Stream, its origm and course, 307. 

Gumprecht, pyroxenic nepheUne, 253. 

Guanaxuato, striking wbterranecn noisa 
at, 209. 

Hall, Shr James, his experiments on mm- 

eral fusion, 262. ' 
Halley, comet, 43, 100, 102^109; on the 

meteor of 1686. 118, 133; on the light 

of stars, 152; hypotheslB of the earth 

bemg a hollow sphere, 171 ; his bold 

conjecture that the Aurora Borealis was 

a magnetic ph^iomenon, 193. 
Hansteen on magnetie lines of deeUnatioa 

m Northern Asia, 182. 
Hansen on the material contents of the 

moon, 9S. 
Hedenstrdm on the so-called «Wood 

Hills" of New Siberia, 281. 
Hegel quotation from his "Philosophy 

of History," 76. 
Heine, discovery of crystals of fisldspar 

in scorias, 268. 
Hemmer, falling stars, 119. 
Hencke, planets discovered by. See note 

by Translator, 90, 91. 
Henfrey, A., extract from his Outlines of 

Structural and Physiological Botany. 

See notes by Translator, 341, 342, 351. 
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I MIIlM mMBM Sf flNM i» lbs 
comet of 1744, 109. 

Berodotua, described Scythia •• free firom 
••rthqa«ke% 904 ; Scvtlilen iM of the 
■acrea gold, wtilob fell bonung from 
heeyeiifllS. 

Henehel, Sir WUUmb, mapoftte world, 
66 ; IsMriptloii oil Ub nowunenik el Up- 
tos, 87; iatemiee of Setuin, 96; diem- 
etert of comets, 101 ; ob ttie comet of 
1811, 109; aier giuglnge, ISO: Hvleea 
epeoe,190,150; time nqoW ftr Ugfat 
to pasa to the eulfa from tbe remotest 



iTaaor, IM. 

f^rmfhm\ Sir John, letter on BUgeUenic 
oloodi,85; Mtemteeof8eturo,96; at- 
bite of the Mtellitee of Unurae, 96; di- 
•meter of nebuUMu atar^ 141 ; eteUer 
Milky Way, IM. ISl; light of iatdatod 
■tury doatera^ 151; obaerred at the 
C^MS, tbe Btcr ly in Ano inereeae in 
cplendor, 1S3 ; Inyariabiflty of tbe mag- 
netic declination tai the Weat XftdieaOSl 

Bieaiod, dimenaioM of the oniTerae, IM. 

Heyettua on the comet of 1618, 106. 

^bbert,Dr.,ontheLakeofLa«cb. See 
note by Tranalator, 818. 

Bimalayaa, the, thebr altitude, 98; aeen- 
ery and vegetation, 99, 30; temperar 
tore. 30^ 31 ; Tariatlona of the anow^ine 
on taeir northern and aovtfaem decUy* 
itiea, 30-33, 33L 

Hind, Mr., planeta diaeorered by. See 
Translator's note, 90^ 9L 

Hindoo civilization, its primitive aeat^ 35^ 
96. 

Bippaloa, or monaoooa, 316. 

Blppocratea, his erroneoof sappoaition 
Chat the land of Scythia la an elevated 
teble-land, 346. 

Hoff, numerical inquiriea on the diatri- 
bution.of earthquakes throoghoat the 
year, 907. 

BofEmanrPriedrich, obaervationa on earth- 
quakes, 206, 207; on eruption fiaanres 
in the Llpari Islands, 238. 

Holberg, his Satire. " Travela of Nic. Om- 
ius, in the world under ground." See 
Translator'a note, 171. 179. 

Bood on the Aurora. 200, 201. 

Booke, Robert, pulsations in the tails of 
comets, 143 ; bis anticipation of the ap- 
plication of botanical and zoological 
eyidence to determine tbe relatiTe age 
of rocks, 970-Q72. 

Bo-tsings, Chinese fire-qninga, their 
depth, 156 ; chemical composition, 917. 

Howard on the climate of London, 195 ; 
mean annual quantity of ram in Lon- 
don, 333. 

Bflgel, Carl von, on the elevation of the 
valley of Kashmir, 32, 33 ; on the snow- 
line of the Himalayas, 331. 

Bumboldt, Alexander von, works by, re- 
ferred to in varioua notes : 
Annales de Ghimie et de Physique, 

31, 305. 
Annaies des Sciences Naturelles, 28. 
Ansichten der Natur, 342, 344, 347. 
Aaie Centrale, 28, 31, 33, 115, 158, 159, 1 



m 904» isi7, 219, 995, a«B^ asi« as; 

960,289,900,991,299,996,3118^301, 

303-306, 390, 933» 324, 330, 331, 334, 

390,356. 
Atlas Qfographiaae et Phyalqae dn 

Nouveau Contment, 33, 949. 
De diatribntione GeographicA Fkn- 

tarum, secundum c^ tenq^eriem, 

et altitndinem Montium, 33, 991, 

394. 
Ezamen Critique de I'ffiatoire de la 

G6ographie, 58, 18Q, 181, 9S7, 989^ 

292, 30t 308, 310, 316, 856. 
Eaaai Geognoatique sur le CMsemeat 

des Roches, 230, 963, 966, 30O. 
Eaaai Politique sur la NonveUe £s- 



pagne, 1292840. 

Bsai sur la (3iographie i 



desFlantei, 
33,230,315. 
Flora FriburgenaiB Snbterranea, 34QL 

346. 
Journal de Physique, 178, 292. 
Lettre an Due de Sussex, sur lea 
, Moyens proprea A perfecticnuier la 
oonnaissance du Magn6tisme Ter- 
restre, 178, 192. 
Monumens des Penides Indigdnea de 

TAmerique, 140. 
Kouvelles Amiaies des Voyages, 307. 
Recueil d'Observationa Astronom- 

iques, 28, 167, 918, 327. 
Recueil d'Obeervations de 2<oologie 

et d' Anatomic Compai>6e, 232. 
Bel^on Historique du Voyage anx 
Regions Equinoxiales, 113, 119, 123, 
127, 130, 186; 206, 207, 220, 221. 225, 
252, 292, 299, 300, 302,305-307, 314, 
315, 327, 329. 334. 336. 
Tableau Phy^que des Regions Equi- 
noxiales, 33, 230. 
Vues des Cordilldres, 225^ 230. 
Humboldt, Wilhelm von, on tbe immittve 
seat of Hmdoo civilization, 36; sonnet; 
extract from. 154 ; on the gradual rec- 
ognition by the human race of the bond 
of humanity, 358, 359. 
Humidity, 313, 332-^35. 
Huttoo, Capt Thomas, his paper on the 

snow-line of the Himalayas, 331, 339. 
Huygens, polarization of lighi 52; nebu- 
lous spots, 138. 
Hygrometry, 332, 333 ; hygrometrie wind- 
rose, 333. 

Imagination, abuse of, by half-civilized na- 
tions, 37. 

Imbert, his account of Chinese '"fire- 
springs," 158. 

Ionian school of natural phUosophy, 65^ 
77, 84, 134. 

laog^enic, iaoelinal, iaodynamie, dtc. See 

Jacquemont, Victor, his barometrical ob> 
servations on the snow-line of the Him- 
alayas, 32, 331. 

Jasper, its formation, 259-4261. 

Jessen on the gradual rise of the coast of 
Sweden, 295. 

Jorullo, hornitos de, 230. 
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causes of volcaQic «rQptian0, M3. 

lULmtz, isobarometrie Uhm, 319; doubts 
on the greater dryaeasof monntamair, 
334. 

Kant, Emannal, " on tte theory and atmc- 
ture of the beareni," 60, 65 ; earth- 
^ualce at Lufaoa, ^10. 

Keilhau on tiie ancient aearUne of the 
coaat of fttttzbeigen, S96. 

Kepler on the diatancea of atan, 88; on 
the denaitjr of the planets, 83; law of 
progresrion, 95 ; on the number of com. 
ets, 99; shooting stara, 113 ; on like ob- 
scuration of the sun's disk, 192 ; on llie 
radiations of heat fhmi the fixed stara, 
136 ; on a solar atmoaphere, 138. 

Kldden, shooting stars, 118, 124. 

Knowledge, superficial, evils of, 4X0 

Krug of Kidda, temperatnre of the Gey- 
aer and file Strokr intennitfeent fount- 
ains, S9S. 

Krusenstem, Adoairal, on the teaia of a 
fire-ball, 114. 

Kuopho, a Chinese physicist, on the a^ 
traction of the magnet; and of amber, 
188. 

Kupffer, magnetic stationa in Ncntfaem 
Asia, 191. 

Lamanon, 187. 

Lambert, suggestion that Hie dinetkn of 
the wind be compared with the height 
of the iMTometer, alterations of tamper- 
ature, humidi^, &o., 315. 

Lamont, mass of Uranus, 93 ; satellites of 
Saturn, 96i 

Language and thought, their mutual alli- 
ance, 56; author'i praise of his nattre 
language, 56. 

Languages, importance of tfaetr study, 

Laplace, his "Bystdme dn Monde," 48, 
62, 99; 141 ; mass of the oomet of 1770, 
107; on the required velocity of masses 
projected from the Moon, 121, 122; on 
the altitude of the bounduies of ^e at* 
iposphere of cosmical bodies, 141 ; zo- 
diacal lifht, 141 ; lunar me^ualities, 166 ; 
the Earm's form and size mfiBrred from 
lunar inequalities, 1(S3, 169 ; his estimate 
of tiie mean height of mountains, 301 ; 
density of the ocean required to be less 
than the earth's for the stability of its 
equiUbrium, 305 ; results of his perfect 
theory of tides, 306. 

Jjatin writers, their use of the tram ^ Mtm* 
dus," 70, 71. 

Latitudes, Northern, obstacles they pre- 
sent to a discovery of the laws oi Na- 
ture, 36; earliest acquaintance with tite 
Siverning forces of the physical world, 
ere displayed, 36 ; spread from thence 
of the germs of civilization, 36. 

Latitudes, tropical, their advantages fpr 
the contemplation of nature, 33 ; jpow* 
erfal impressions, from tiieir organic 
ridmess and fertility, 34 ; ftu^ties they 
present for a knowledge of the laws at 



Q 



BUtan^dS; hvQIiaiift diaitey of shootuic 
stars, 113. 

Laugiw, hi» ealeulsttioas to prove Halley's 
eouetldentical wifit tiie comet eCl378, 
described in Chinese tables, 109. 

Lava, Its mineral oompoaition, 234. 

Lavoisier, 62. 

Lawrence (St), fiery tears, 124 ; meteoric 
stream, 125. 

Leibnitz, his conjecture that the planets 
Increase in volume in proportion to 
(heir ineareasd of distance from the 
Sun, 93. 

Lmiz, observations on the mean levd a£ 
the Caspian Sea, 297; masdma of dens- 
ity of tae oceanic temperature, 304 ; 
temperature and density of the ocean 
under difierent zones of latitude and 
lon£itude,306. 

Leonbaid, Karl von, assmnption on for- 
mations of grantilar limestone, 263. 

Leverxier, planet Neptune. @ee Trans- 
httor'snot^90,91. 

Lewy, observat&oDS on the varying quan- 
tity of ozyffen in the atmosphere, ac- 
eordins to focal condltionsi or the se^ 
sons, 311, 312. 

Llehtenberg, on meteorie stones, 116. 

Liebigon traces of ammoniacal vapors ip 
the atmosphere, 311. 

Light, chromatic polarization of, 52 ; trant- 
missiaD,88; of comets, 104-106 ; of fix- 
ed stars, 105 ; extraordinary lightness, 
instances of, 142-^144 ; propagation oi^ 
153; speed of transit, 1^,154. See Au- 
rora, Zodiacal Light, &,c. 

Lignites, or beds ot brown coal, 283, 284. 

Lines, isogonic (magnetic equal devia- 
tion), 177, 181-185 ; isoclinal (magnetic 
equal inclhiation), 178, 179, 181-185 ; 
isodynamic (or magnetic equal force), 
181,185-194 ; isogeothermal (chthoniso- 
thermal), 219 ; isobarometrie, 315 ; iso* 
thermal, isotberal, and isochimenal, 317, 
327, 328, 348. 

Line of no variation of horary declination, 
183 ; lower limit of perpetual snow, 329u 
332; phosphorescent, 113. 

Lisbon, earthquake of; 210, 211, 213^ 214. 

Lord on the limits of the snow-line on the 
Hhnalajas, 32. 

Lottin, his observations of the Aurora, 
with Bravais and SUierstrom, on the 
coast of Lapland, 195, 200, 201. 

Lowenorn, recognized the coruscation of 
the polar li^t hi bri^t s^n9Une, 196^ 

PyeU, Charles, investigations on the m^ 
merical relations ofextinct and oraan- 
ic life, 274, 275 ; nether-formed or hyp- 
ogene rocks, 249 ; uniformly of the pro- 
ductionoferupted rocks, 257. See notes 
by Translator, 203, 244, 257. 

Mackenzie, description of a remarkable 
eruption hi Iceland, 236. 

Maclear on a Centauri, 88 ; paraflaxes 
and distances of fixed stars, 153 ; In- 
crease in brightness of 17 Argo, 153. 

MKdler, planetuy compression of Uranus, 
96 ; distance of the innermost satellite 

2 
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of Ctatan from the oenfeer of tfMtplMiet, 
97 ; material content! of the Moon, 96; 
lt» Ubntion, 96; mean depreMion of 
temperatare on the three cold daya of 
May (llth->13tb), 133: coqjecture that 
the average masa of tae larger number 
of binary stars exceeds the mass of the 
Sun, 149. 

Blagelluiic dondsi 85. 

MaxnetU; attractinB,188i decUnatUw, 181- 
1 83 ; horary motion, 177-180 ; horary 
▼axiations, 1B3, 190; magnetic atorms, 
177. 179, 193, 199; their intimate con- 
nection with the Aurora, 193-801 ; rep- 
resented by three systems of lines, see 
Lines ; movement of oval systems, 182 ; 
magnetio equator, 183-185; magnetic 
poles, 183, 184; observatories, 190-192; 
magnetic stations, 190. 191, 317. 

Blagnetism, terrestrial, 177-193, 201 ; elec- 
tro, 177-191. 

Magnussen, Soemnnd, deseriptioa of re- 
markable eruption hi Iceland, 236. 

Mahlmann, Wilhehn, southwest direction 
of the atrial current in the middle lati- 
tudes of the temperate zone, 317. 

Mairan on the zodiacal light, 138, 139, 142 ; 
his opinicm tiiat the Sun is a nebulous 
star,14L 

Malapert, annular mountsln, 98. 

MaUe, Dureau de la, 223. 

Man, mneral view of; 351-359 M;»rooib of 
the nexibility of his nature, 27 ; results 
of his intellectual progress, 53, 54 ; ge- 
phical distribution of races, 351- 



on the assumption of superior 
Dferior races, 351-356 ; his gradu- 
al recognition of the bond of humanity. 



and inferior i 



358,359. 

Mantell, Dr., hia << Wonders of Geolosy.** 
see notes by TrsnsUtor, 45, 64, 203, 274, 
278, 281, 283. 284. 287; "Medals of Cre- 
ation,*' 46, 271, 283, 287. 

Margarita Philosophica by Gregory 
Reisch, 58. 

Marios, Simon, first described die nebu- 
lous spots in Andromeda and Orion, 
138. 

Martins, observations on polar bands, 196 ; 
found that air collected at Faulhorn con- 
tained as much oxygen as the air of Par- 
is, 312 ; on the distribution of the quan- 
tity of rain in Central Europe, 333 ; 
doubts on the greater dryness (M moun^ 
ain air, 334. 

Matthiessen, letter to Arago on ttie zodi- 
acal light, 142. 

Ma&ieu on the augmented intensity of 
the attraction of gravitation in volcanic 
islands, 167. 

Mayer, Tobias, on the motion of the solar 
system, 146, 148* 

Mean numerical values, their necessity 
in modem physical science, 81. 

Melloni, his discoveries on radiating heat 
and electro-magnetism, 49. 

Menzel, unedited work by, on the flora 
of Japan, 347. 

Messier, comet, 106 ; nebulous spot re- 
sembling our starry stratum, 151. 



Metunorpbic Roeka; See Rocks. 

Meteorology, 311^-339. 

Meteors, see A&rolitas; meteoric infuso- 
ria, 345, 346. 

Methone^Hillof,240. 

Meyen on forming a thermal scale of cul* 
tivation, 324 ; on the reproductive or- 
gans of liverworts and alge, 34L 

Meyer, Hermann von, qn the organization 
of flying im"ria»i», 274. 

Milky Way, its fignro, 89 ; views of Aris- 
tooe on. 103 ; vast telescopie breaddi, 
150 ; Milky Ww of nebulous spots at 
ri|^t angles with that of the stars, 15L 

Minerals, artificiaUy formed. 268, 269. 

Mines, greatest depth ot, 157-159 ; tem- 
perature, 158. 

Mist, phosphorescent, 149. 

Blitchell, protracted earthquake shodcs in 
JPrth America, 21L 

MuBcherbch on the chemical origin of 
iron fflance in volcanic masses, 234; 
chemical combinations, a means of 
throwing ftdear light on ceognosy. 256; 
on gypsum, as a imiaxal crystal, 259 ; 
experunents on the simultaneously op- 
posite actions of heat on crystalline 
Dodiea, 259; formation of crystals of 
mica, 260; on jurtiflctal mineral prod- 
ucts, 968, 271. 

Mofettes (exhalations of carbonic add 
gas), 215-219. 

Monsoons (Indian), 316, 317. 

MonttodU on the current of hydrochloric 
acid from the crater of Vesuvius, 235 : 
crystals of mioa found in the lava of 
Veauvius, 260. 

BCoon, the, its relative magnitude, 96; 
density, 96 ; distance from the eartt, 
97; its libration, 96, 163; its light com. 
pared with that of the Aurora, 201, 202 ; 
volcanic action in, 228. 

Moons or satellites, thehr diameter, dis- 
tances, rotation, &c., 95-99. 

Morgan, John Hn '*on the Aurora Bore- 
alisofOct24.1847.'' See Trandator's 
notes, 194, 199. 

Morton, Samuel George, hia masnificent 
work on the American Races, 362. 

Moser's images, 202. 

Mountains, in Asia, America, and Europe, 
their altitude, scenery, and vegetation, 
27-30, 228, 347 ; thdr influence on cli- 
mate, natural productions, and on the 
human race, its trade, civilization, and 
social condition, 291, 292, 299, 300, 327 ; 
zones of vegetation on the declivities 
of; 29, 30, 327-399; snowlkie of; 30-33, 
330,331. 

Mud volcanoes. See Salses and Volca* 
noes. 

MliUer, Johumes, on the modifications 
of plants and anknals within certain 
limitations, 353. 

Muncke on the appearance of Auroras in 
certain districts, 198. 

Murchison, Sir R., account of a large fis- 
sure tixrouA. which melaphyre had 
been ejected, 258 ; classification of fos- 
siliforotts strata, 277 ; on the age of the 
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PalflBoawmia and llieoodontoMiinu of 

Bristol, 274. 
Moscheabroek on the frequency of mete> 

ors in August, 125. 
Myndius, ApoUonius, on the Pythagorem 

doctrine of comets, 103, 104. 

Nature, result of a rational inquiry inbo, 
25; emotions excited by her contem* 
plation, 25; striking scenes, 26; their 
Bonrees of enJoynient; 26, 27 ; Qiasnifi< 
cence of the tropical scenery, 33, 34, 35, 
344 ; religious Impulses from a com- 
munion with nature, 37; obstacles to 
an active spirit of inquiry, 37; mischief 
of inaccurate observations, 38 ; higher 
enjovxnents of her study, 38 ; narrow- 
minded views of nature, 38 ; lofty im- 
pressions produced on Qie minds of k^ 
Dorious oMervers, 40 ; nature defined, 
41; her studies inexhaustible, 41 ; gen* 
eral observations, their grei^ advanta- 
ges, 42 ; how to be correctly compre- 
hended, 72 ; her most vivid impressions 
earthly, 82. 

Nature, philosophy of; 24, 37; phyatcal 
description ot, 66, 67, 7a 

Nebuls, 84-^6 ; nebulous Milky Way at 
right ancles with that of the stars, 150- 
153; nebulous spots, conjectures on, 
83-86 ; nebulous stars and planetaiy 
nebulflB, 85, 151, 152 ; nebulous vapor, 
83-86, 87, 152 ; their supposed conden- 
sation in conformity witn the laws of 
attraction, 84. 

NeHson, gradual depression of the south- 
em part of Sweden, 295. 

Nericat, Andrea de, popular beUef in Syr- 
ia on the fan of aerolites, 123. 

Newton, discussed the question on the dif- 
ference between the attraction of mass- 
es and molecular attraction, 63 ; New- 
tonian axiom confirmed by Bessel, 64 ; 
his edition of the Geography of Vareni- 
us: 66 ; Principia Mathematica, 67 ; con- 
sidered the planets to be composed of 
the same matter with the Earth, 132; 
compression of the Earth, 165. 

IQcholl, J. P., note from his account of the 
planet Neptune, 90^ 91. 

Nicholson, observations of Ughtning 
clouds, unaccompanied by thunder or 
indications of storm, 337. 

Nobile, Antonio, experiments of the height 
of the barometer, and its influence on 
the level of the sea, 296. 

N5ggerath counted 792 annual rings in the 
trunk of a tree at Bonn, 283. 

Nordmann on the existence of animal- 
cules in the fluids of the eyes of fishes, 
345. 

Norman, Robert, invented the hidmato- 
rium, 179. 

Observations, scientific, mischief of in- 
accurate, 28 ; tendency of unconnect' 
ed,40. 

Ocean, general view o^ 292<-311 ; its ex- 
tent as compared with the dry land, 268, 
289; its depth, 160, 302; tides, 305, 306 ; 



^ at increaaed 

depths, 3(H ; uniformity and constancy 
of temperature in the same spaces, 303; 
its currents and their various causes, 
306-309 ; its phosphorescence in the 
torrid zone. 2(k ; its action on climate, 
303, 319-329 ; bifluenoe on the mental 
and social condition of the human race, 
162; 291, 293, 294, 310; richness of ilB 
orgpanlc life, 309, 310; oceanic micrD> 
scoplc forms, 342, 343 ; sentiments ex- 
cited by its contemplation, 310. 

(Ersted, electro-magnetic discoveries, 
188,191. 

Olbers, cometf, 104, 109 ; aSrolites, 114, 
118 ; on their planetary velocity, 121 ; 
on the supposed phenomena of ascend- 
ing diooting stars, 123 ; their periodic re- 
turn in August, 125 ; November stream, 
126; prediction of a briDiantfall of shoot- 
ing stars in Nov., 1867, 127 ; absence of 
fossil meteoric stones in secondary and 
tertiary formations, 131 ; zodiacal light, 
its vibration through the tails of com- 
ets, 143 ; on the transparency of celes- 
tial space, 152. 

Olmsted, Denison, of New Haven, Con- 
necticut, obaervations of afiroUtes, 113, 
118, 119, 124. 

Oltmanns, Herr, observed continuously 

^ with Humboldt at Berlin, the move- 
ments of the declination needle, 190, 
19L 

Ovid, his description of the volcanic HiU 
ofMetiM>ne,240. 

Oviedo describes the weed of the Gulf 
Stream as Praderias de yerva (sea- 
weed meadows), 308. 

Paleaontology, 270-284. 

Pallas, meteoric iron, 131. 

Palmer, New Haven, Connecticut, on ttie 
prodigious swarm of shooting stars, 
Nov. 12 and 13, 1833, 124 ; on &e non- 
appearance in certain years of the Au- 
gust and November &11 of afiroUteSf 
129. 

Parallaxes offixed stars, 06, 89; oftheao- 
lar system, 145, 146. 

Parian and Carrara marbles, 262, 263. 

Parry, Capt, on Auroras, their connection 
with magnetic perturbations, 197, 201 ; 
whether attended with any sound, 200 ; 
seen to continue throughout the day, 
197 ; barometric observation at Port 
Bowen, 314, 3X5 ; rarity of electric ex- 
plosions in northern regions, 337. 

Patricius, St, his accurate conjectures on 
the hot springs of Carthage, W3, 224. 

Peltier on the actual source of atmos- 
pheric electricity, 335, 336. 

Pendulum, its scientific uses, 44 ; experi- 
ments with, 64, 166, 169, 170 ; employed 
to investigate the curvature of the 
earth's surface. 165; local attraction, its 
influence on the pendulum, and geog- 
nostic knowledge deduced from, 44, 45^ 
167,168; experiments (^ Bessel, 64. 

Pentland, his measurements of the AiuSe^ 
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doioad. See note bj TnauAator, 90B. 

Parmlan ■jstem of Murehison, 277. 

PerooM, La, expedition of; 186. 

Fania, great eomat aeen in (1W8), 139, 
140. 

Ports OB the lana aSrcSte that Ml in the 
bad of Ae Biter Nand, lie. 

Petan, Dr., velocity of atonei projected 
from Ana, 139. 

Feneatl. Count Masarl. paftial infection 
of calcareooa bada by the eontaet of 
ayaoUie granlle in die Tyrol, 908. 

PhilUpa on the temperature of a coal- 
mine at inereaaing depdw, 174. 

PhUolatU, hia aatronomical stndiai, 65; 
his ihujmentary writings, 68-71. 

PhOoaoptay of nature, fint cerm, 37. 

Pboaphoreeoenoa of die aea in die torrid 
xonea, SOS. 

Pliyalea, tkeir Umita, 50 ; Influence of phys- 
ical science on the wealth and prosper- 
ity of iMtions, 53 ; prorinee of phyncal 
adenca, 50 ; diatfnction between the 
physical hittory and physical defcrip- 
Hon of the world, 71, 72; physical sci- 
ence, characteristics of its modem prog- 
ress, 61. 

Phidar,227. 

Plana, gMdeaie experimenta in XiOndiMr- 

Pkunets, 69-M; pMsent number disoev- 
ered, 90. (See note by Translator on 
the most recent disooTeries, 90, 91) ; Sir 
Isaac Newton on tiieir composition, 132 ; 
limited physical knowledge o^ 156, 157 ; 
Ceres, 6i-93; Earth, 88-^; Juno, 64, 
92-97, 106: Jupiter. 64, 67, 99-96. 202; 
Mars. 87, 91-94, 132; Mercury, 87, 92- 
94; Pallaa, 64, 98; Saturn. 97, 9S-94; 
Venus, 91-94, 902 ; Uranus, 90-^; plan- 
ets which hare the largest number of 
moons, 95, 96. 

Plants, geographical distribution of, 346- 
350. 

Plato on the heavenly bodies, &e., 69; in- 
terpretation of nature, 163 ; his geog- 
nostie views on hot i^ngp, and ▼(»• 
canic igneous streams, 237, 238. 

Pliny the elder, his Natural History, 73 : 
on cornets, 104 ; aSrolites, 122, 123, 130 ; 
magnetism, 180; attraction of amber, 
168 ; on earthquakes, 205, 207 ; on tha 
flame of inflammable gas, in the district 
of Phaaelis, 203; rarity of jasper, 961 ; 
on the configuration of Africa, 292. 

Pliny the younger, his description of the 
great eruption of Mount Vesurius^ and 
the phenomen<ni of volcanic ashes, 235. 

Plutarch, truth of ln» coigecture tiiat fall- 
ing stars are celestial bodies, 133, 134. 

Poisson on the planet Jupiter, 64 ; conjec- 
ture on the spontaneous ignition of me- 
teoric stones, 118 ; zodiacal light, 141 ; 
theory on the earth's temperature, 172, 
173, 174, 176, 177. 

Polarization, chromatic, reAlts of its dis^ 
covery, 52 ; experiments on tiie light of 
comets, 105^ 106. 

Polybius, 291. 



Poiidoidoa on tfie Llgyan Held of ntqnca. 

115, 116. ^^ 

Pottfllet on Oie actual source of atmoa- 

pheric electricity, 335. 
Pnju^ees against science, how originat- 

ad, 38 ; agunst the study of the exact 

sdencea, why folladous, 40, 52. 
Priehard, fajs pifajaica! faiatoij of Kan- 

fcftnd, 398. 
Paeudo-PlatD, 64. 
Psychrometer, 332,338. 
Pytfaagoraa, flrst employed die word Cba- 

moa in its modem senses 69. 
Pydiagoreans, their study of the heavenly 

bodies^ 65; doctrine On comets, 10$. 

Onarlerly Review, article cm Tiexreatrial 

Magnetism, 198. 
QuetSet on aflroUtea, 114; Hielr periodic 

return in August, 125. 

Races, human, their geographical diatri* 
botion, and unity, 351-^9. 

Rain drops, temperature of, 820 ; mean an- 
nual quantity in the two hemintberem 
333,' 334. 

Reich, mean density of the earth, as aa> 
certained by the torsion balance, 170 ; 
temperature of the minea in Saxony, 
174. 

Reiach, Gregory, hia ''Hai^garita Philo- 
aophiea,*' 58. 

Rfoittsat; Abel, Mongolian tradition on the 
fall of an aerolite, 116; active volcanoea 
in Central Asia, at great distances from 
the sea. 245. ' 

Richardson, magneticphenomena attendr 
ing the Aurora, 197; whether accom- 
panied by sound, 200 ; influence on Ih^ 
magnetic needle of the Aurora, 201. 

Riobamba, earthqudce at: 204, 206, 208, 
213, 214. 

Ritter, Carl, hia "Geography hi rdation 
to Nature and tiie Ififstory of Man," 48^ 
67. 

Robert, Eugene, on the ancient sea-line on 
the coast of Spitzbergeo, 296. 

^bertson on the permanency of the com^ 
pass in Jamaica, 18L 

RoQks, their nature and configuration, 
228 ; geognostieal clasaification mto four 
groups, 248-251 ; L roclcs of eruption, 
248,^1-253; ii. sedimentary rocks, 248» 
954, 255 ; iii transformed, or meta- 
morphic rocks, 248, 249, 255. 256-269; 
iv. comdomerates, or rocks of detritus 
269^ 270; their chances from theactUm 
of heat^ 258, 259 ; phenomena of con- 
tact, 296-267; effects of pressure and 
the rapidity of cooling, 258, 267. 

Rose, Gustay, on the chemical elementi^ 
&c., of various afirolites, 131 ; on tli4 
structural rdationa of volcsoic rocks, 
234; on crystals of feldspar and albita 
found in gnnite, 251 ; relations of posi- 
tion in which granite occurs, 252-269 ; 
chemical process in the formation of 
various minerals, 265-269. 

Ross, Sir James, hia soundings with 27,600 
feetof line, 160; magnetic observations 
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«l taam South Vtie, 187; impoftailt re- 

nlto ofOe ilBttfctic mapMtio expedi- 

tun in 1639, 192 ; rarity of aleetrie ex- 

ptoflion* iA hi^ Mnthem regioiki, 337. 
aoMeU, M. de, his maaelio otdUition 

experinenti, and tkdr dtte of jpabti- 

eadoD, 18S. 1S7. 
RoOuttMUi, eonfoaBdBd th» Mttteg sedi- 

acal S«lrt with te eeMBlten of tiKttght, 

W3. 
Rozier, obwrvstiott of » Bfen^r 1^ 

appearaaoe in the doudif 909L 
Riimker, Enoke's eomet; lOS. 
RupveU denin the exietenee of aetlye 

▼olcaaoet hi KonlofiNi^ M5^ 

fiabfaie, Edward, oboerralhnu on dmf* of 

nniisualmagnetiodktarfoaiK»,I76; re- 

eent mmguSlia obMrvatione^ IMy 185, 

187,186. 
fiagra, Ramon de la, ebserralioBa on tfie 

mean anaoal faantity of vahi k» the 

Havana, 333. 
Saint Pierre, Bamardin did, Fanl and Vir- 

gmia, f» ; Stadiea of Nature, 347. 
flafaea or mud Toloanoea^ 394-988 ; a«rik- 

ittg phenomena, attendmg tfaek origfai, 

Sait-worka, d^ptfa o^ 1S8, UW ; tempera- 
tare, n4. 

Santorine, the most inportent of the id- 
asda of emption, 941, 249; deacription 
•£ See note by Translator, 941. 

Barnsao Sea^ its iitiaalion, 30a 

Batdlitea revolving round the primary 
planets, their diameter, distance, rota- 
tion, Ac, 94, 99; SaCttm'*, 96^^ 197; 
Earth's, see Moon, Japiter's» 96, 97; 
Uranns, 96-06. 

Saurians, fiyhig^ fiMsll nuataw o^ S74, 
275. 

SansBure, measnrementaof the marginal 
ledge of the crater of Movnt Vaswrtas, 
233; tracea of aaaraoniaeal vapors in 
the atmosphere, 311 ; hygromefirio 
meaaaremeotswith HumboUU, 384-936. 

Schayer,. nricroaeopie orgnniama in ttie 
00001,349^343. 

Scheerer on the idantiljof etooUte and 
nepheline, 3S3. 

Seheiling on natare, 55; qnotalfton finom 
hia Giordino Bnmo, 77. 

Scheuch2ner's fbasU Milamandev, oonjeo- 
tared to be an antediluvlaa man, 974. 

SehiUer, qfootatien from, 3& 

Schnurrer on the obacoration of th* aim's 
djak,133. 

BehovteBr Cofneliw^ hi 1916 fowmd the 
deelimtioa mdl iittboPaaiie^ Uft 

Scfaouw, distrlbotion of tte Vtia^ of 
rahs hi Central Ensope* 333k 

Sdirieber on the fisgmentatjrolMfneMr 
of melaorie stenes, I!?. 

Scientific researehea, their fim^ianfe re- 
8alt,Sa;scientlfie' 
mentof thi 
tific terma, 
plication, 56, 66L 

Bona. Abbate, eartiiquakea uneonnaetod 
wllh1lMiCiito'iffll»tNiith0r, 9B6»9eT. 



entlfie knowledge a require- 
ipnaentagD, 53,54; aeien- 
tneir vagnenesa and miaap- 



f Scoreahy; rtrity of electric oxploafoaa hi 
high northern ragfona, 387. 

Sea See Ocean. 

Seismometer, the, 905. 

Belencua of Erythrea, his aitronooucal 
studies^ 65. 

Seneca, noticed the direction of the taMa 
efeoinetB,103; his views on the nature 
and pttha of oometo, 103; 104; oaaona 
drawn from their sudden appearanc^ 
111 ; the nrms of later observationa on 
earth^nakea found in hia wrilmga, 907 ; 
prohlasMtieal eathwrtion and sinking of 
Mount iStna, 397, 940. 

Shoalav atmoaptiaiio taidieattona of thehr 
vicfaiity, 309l 

Sidereal syateoas^ 89, 90. 

Siljerstrom, Ua obaervatioiia oa the Au- 
rora, with Lottin and Bravais, on Hie 
coast of Lapland, 195. 

Sirowatskoi •« Weod HSIis^ in Mew eSbe- 
riak98L 

Snow-line of the Hunahvaa, 30-33^ 331, 
339 ; of the Andei^ 330 ^ vednaaaof Umg- 
fallen snow, 344;^ 

SeUor ^ratem, general deaertotion,90-154 ; 
ito position u spacer 89; itatranslatery 
motion, 145>150. 

Solinua oa mud voleanoea^ 295. 

Sdmmertaig on the fisssii remaina of flie 
large vertebrata, 974. 

SoBBcarville, Mrs., on tiie volame of fire- 
balla and Aoetlng stara* 116 ; fikintnesa 
of Ughi of planetary nebul», 141. 

Soothem celestial hemisphere^ its pictur- 
esque beauty, 85, 86. 

Spontaneona generation, 345, 346. 

brings, hot and oold, 219-295 ; hitemdt- 
tent, 219; eauaes of their temperature^ 
990-922; thermal, 299, 345; deepest 
Artesian wells the warmest, observed 
by Aram, 993; salses, 994-996; hifiu- 
ence of evthqnake shocks on hot 
springs, 310, 299>4294. 

Stars, general account o(, 85-M; fixed; 
89, 90, 104; double and multiple, 89, 
147; nebukwa, 85^ 86, 151, 159; their 
translatnry motion, 147-150; parallaxea 
and distances, 147-149; cenrautations 
of Bessel and Herschet on theur diame- 
ter and volume, 148; immense number 
hi the Milky Way, 158( 151 ; star dust, 
85^; star gangings, 150; starless raaces, 
TiSOi 159; telascopik; stars, 159 ; velocity 
of the propajmtion of light ot 153, 154 ; 
appantfon of new stars^ 153. 

Storms, nuMBMtie ami volcania See 
MayietiwM, Vokawaa. 

Straoo, observed the cessation of shocks 
of earthquake on ttie eruption of lavi^ 
915 ; on ttm mode in which islands are 
fisoned, 997; deaeriptfcm of the Hill of 
ICethone, 940; volcanic theory, 943; 
divined the-existenoe of a oontment in 
tke northern hemisphere between The- 
rinandTUne,989; extoUed the varied 
form of our aamll continent as favorable 
to the moval and intellectual develop- 
ment of ite peepia^ 991, 999. 

Stt»v«^Oa%aatbeproperiiiolioiiefthe 
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•olar tyflleia, 146 ; iar^iaaatiaaM on the 
prop«gatioii of liflht; 153; parallazas 
•ad dutances of fixed stan, 153 ; ob- 
tenrationB on HaUey's cornet^ 105. 

Stader, Profeuor« on mineriQ metamorpli- 
iBm. See note by Tranalator, 248. 

Snn, magnitiide of its Tolnme compared 
wiOi that of the fixed Stan, 136; Mcik- 
ration of its disk, 139; rotation roond 
ttie center of grarity of the whole solar 
aystem, 145 ; velocfy of its tiransLatoiy 
motkm, 145 ; narrow Umitetions of its 
atmosphere as compared with the nu- 
cleos of other neboloos stars, 141; "son 
stones" of the ancients, 123; views of tiie 
Greek philosophers on the son, 122. 

Symond. Lieut, bis trigon<Rnetrical svr- 
rey (^tiie Dead Sea, 296, 297. 

Tscitns, distinffiiisbed local climatic rela- 
tions ftam mose of race^ 352. 

Temperature of the globe, see Earth and 
Ocean ; remarkaue uniformity oyer 
the same spaces of the surface of the 
oeean, 303 ; zones at which occur the 
maxima of the oceanic temperature, 
304 ; causes which raise the tempera- 
ture, 319; causes which lower the tern- 
jwrature, 319, ^ ; temperature of Ta- 
rious places, annual, and in the diffn-- 
ent seasons, 322,323-328; thermic scale 
of temperature, 324, 325; of continental 
-climates as compared with insular and 
littoral climates, 321, 322; law of de- 
crease with increase of elevation, 327 ; 
depression of, by riioals, 300 ; refrigera- 
tion of the lower strata of the ocean, 303. 

Teneriffe, Peak o( its striking scenery, 26. 

Tbeodectes of Phaselis on the color of the 
Ethiopians, 353. 

Theon of Alexandria described cometa as 
** wandering lixbt clouds," lOa 

Theophylacttts ^fescribed Scythia as firee 
from earthquakes, 201 

Thermal scales of cultivated plants, 324^ 
325. 

Thermal springs, their tenq>eratuxe, con- 
stancy, and change, 221-224; animal 
and vegetable life In, 345u 

Thermometer, 338. 

Thibet, habitabOi^ of its elevated pla- 
teaux, 331, 332. 

Thienemann on tiie Aurotn, 197, 200. 

Thought, results of ita free action, 53,54 ; 
union witii langnaffe, 56. 

Tiberias, Seaol^ its aiepression below the 
level of the Mediterranean, 296. 

Tides of the ocean, their phenomena, 305^ 

TOlard, Capt, <m the sudden qypearance 
of the island of Sabrina, 242. 

Tounoefort, zones of vegetatkm on Mount 
Ararat, 347. 

Trallee. his notice of the negative electric- 
ity of the air near high waterfiOls, 336. 

Translator, notes by, & ; on the increa^a 
of the earth's internal heat witii increase 
of depth, 45 ; dlicioUs infusoria and an* 
imalcutites, 46 , chemical analysis of an 
aftrolita, 64 • on the recent discoveries 



of planets, SO^ 01 ; obaenred the comet 
of 1843, at New Bedford, Massachusetts, 
in bri|^t sunshine, 101; on meteoric 
stones, HI; on a MS., said to be in the 
Ubrary of Christ^ CoDege, Cambridse, 
124 ; on the term "salses," 161 ; on Hoi- 
berg's satire, '• Travel* hi the World 
under Ground,** 171 ; on the Aurora Bo- 
reatts of Oct 24^ 1847, 104, 195, 199 ; on 
the electricity of the atmospliere dur- 
ing tile Aurora, OOQ; on volcanic ph&> 
nomena, 203, 204 ; description of the 
seismometer, 205 ; on the great earth- 
quake of Lisbon, 210 ; impression made 
on the natives and ibrei^ers by earth- 
quakes in Peru, 215; earthquakes at 
Lima, 216, 217 ; on the gaseous com- 
pounds of sulphur, 217, 218 1 on the 
Lake of Laach, ita craters, 218 ; on the 
emissions of inflammable gas in i^ dis- 
trict of Phaselis, 223 ; on trtie vcdcanoea 
as distinguished from salses. 224; on 
the volcano of Pichincha, 228; on the 
homitos de Jorullo, as seen by Hum- 
bold^ 230 ; general rule on tiie dimen- 
sioDs of craters, 230 ; on the ejectioD of 
fish from the volcano of Imbabum, 233; 
on the littie isle of Volcano, 234 ; vol- 
canic steam of Pantellaria, 935 ; on Dan- 
beney's work ** On Volcanoes," 236 ; ac- 
count of the island of Santorino, 241; 
of the island named Satarina, 242; on 
tile vicinity of extinct volcanoes to tito 
sea, 244 ; meaning oi the Chinese term 
"li," 245: on mineral metamorphism, 
248 ; on fossil human remains found in 
Guadaloupe, 250 ; on minerals artificial- 
ly produced, 267, 268; fossil organic 
structures, 271, 272 ; on Coprolites, 271 
geognostio distribution of fossils, 276 
fossU fauna of tiie Sewalik HlDs, 278 , 
thickness of coal measures, 281 ; on tiia 
amber pine foresta of tiie Baltic, 2^0, 
284 ; elevation of mountain chains, 286^ 
287 ; tiie dinomis of Owen, 287; depth 
of the atmosphere, 302 ; richnesaof or- 
{[anic lilbi in tiie ocean, 309; <mi fila- 
mento of planta resembling the sperma- 
tozoa of animals, 341 ; on the Diatoma- 
oesB found in the South Arctic Ocean, 
343 ; on the distribution of the floras 
and faunas of tiie British Isles, 348, 349 ; 
on the origm and diflfusion of tiie Brit- 
ish flota, Se3, 354; 

Translatory motion of the solar system, 
145-150. 

Trogus, Pompeius, on the supposed ne- 
cesn^ tiiat volcanoes were dependent 
on their vicinity to the sea for thdr con- 
tinuance, 243, 244; views of tiie an- 
denta on spontaneoua^ieneratian, 346. 

Tropicil latitudes, their advantages for 
tM Gcmtemplatton of nature, 33 ; pow- 

. erfol hnpressions frt>m their oiiganio 
richness and fertili^, 34 -, facilities they 
present for a knowledge of the laws of 
nature, 35 ; transparency of the atmoa- 
^ere, 114 ; phosphorescence of the sea, 

Tschodi, Dr., extract from Ua ** Travek 
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in ^'enx." See Translator's note, 215^ 
216, 217. 
Turner, note on Sir Isaac Newton, 132. 

UniversaHty of animated life, 342; 343. 

Vals on the comet of 1618, 106. 

Varenins, Bemhard, his exeeUent general 
and oomparatiye Geography, b6, 67; 
edited by Newton, 66. 

Vegetable world, as viewed with micro- 
scopic powers of vision, 341 ; its pre* 
dominance ova- aniooal life, 343. 

Vegetation, its varied distribution on the 
earth's surface, 29-dl, 62 ; richness and 
fertility in the tropics, 33-35; zones of 

, v^ietation on the dedivities of mount- 
ains, 29-32, 346-3S0. See iEtna, Cor- 
dilleras, Himalayas, Mountains. 

Vico, satellites of Saturn, 96. 

Vigne, measurement of Ladak, 332. 

Vine, thermal scale of its cultivation, 324. 

Volcanoes, 28, 30, 35, 159, 161, 214. 215, 
224-248 ; author's application of the 
term volcanic, 45; active volcanoes, 
safety-valves for tiieir immediate neigfa- 
borhooid, 214 ; volcanic eruptions, 161, 
210-270 ; mud volcanoes or salse8,224- 
228 ; traces of volcanic, action on the 
surfiice of the earth and moon, 228 ; in- 
fluence of relati<ms of height on the oc- 
currence of eruptions, 228-233; vol- 
canic storm, 233 ; volcanic ashes, 233 ; 
classification of volcanoes into central 
and linear, 238 ; theory of the necessity 
of their proximity to the sea, 243-246 ; 
geographical distribution of still active 
volcanoes, 245-247; metamorpMc ac- 
tion on rocks, 247-249. 

Vrolik, his anaton^cal investigations on 
the form of the pelvis, 3SB, 353. 

Wasner, Rudolph^ notes on the races of 

Walter on the decrease of volcaiiie activ- 
ity. 215. 



Warfanann, meteors, 113, 114. 

Weber, his i^patomical investigations oo 
the form of the pelris, 353. 

Webster, Dr. (of Ibrvard College, U. S.), 
account of the island named Sabiina. 
See note by Translator, 242. 

Whids, 315-321; monsoons^ 316, 317; 
trade winds, 320, 321 ; law of rotation, 
importance of its knowledge, 315-317. 

Wine, on the temperature required for 
Its cultivation, 324; tlaermic table of 
mean annual heat, 325. 

Wollaston on the limitation of the atmos- 
phere, 302. 

Wrangel, Admiral, on the brilhancy of the 
Aurora Borealis, cohicident with the 
fall of shooting stars, 126, 127 ; observa- 
tions of the Aurora, 197, 200 ; wood hills 
of the Siberian Polar Sea, 281. 

X0n<9lianes of Colophon, described com- 
ets as Wandering lifht clouds, 100 ; ma- 
rine fossils found in marble quarries,* 



Young, Thomas, earliest observer of &e 
influence different kinds of rocks exer- 
cise on the vibrations of the pendulum, 
168. 

Yul-sung, described by Chinese writers as 
<«tibe realm of pleasure," 332. 

Zimmerman, Carl, hypsometrical re- 
marks on the elevation of the Hima- 
layas, 32. 

Zodiacal light, coi^tures on, 96-92; 
general account of, 137*144 ; beautiful 
appearance, 137, 138 ; first described 
in Childrey's Britannia Baconica, 138; 
probable causes, 141 ; faitensity in trop- 
ical dhoaates, 142. 

Zones, of vegetation, on the declivities of 
mountains. 29^^; of latitude, their di- 
versified vegetation, 62; of the south- 
ern heavens, their magnificenoe, 85^ 86; 
polar, 197, 1^6. 
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